furnaces for every heat treatment 


Do you punch it, stretch it or squeeze it? 
Are you concerned about the effect of this sort of 
treatment on its amenable behaviour ? 

To avoid your pet product developing unyielding 
habits from hard working you need only to trust 
your annealing to Birlec furnaces. 

Amongst the hundreds in use in the metal working 
industries there are types to suit most needs — 

or, if not, a special design can be produced 

to match your own ideas. 

From box, bell, bogie, belt to pit, pusher, 
pull-through and roller hearth; with controlled 
atmosphere, forced convection, time-temperature 
control; electrically heated or gas fired; 

there is a proved Birlec design for every 
specification. 


Ask your pet typist to write to us for more information. 


AEI-Birlec Limited 


Tyburn Road: Erdington: Birmingham 24 
Telephone: East 1544 Telex No.: 33471 
LONDON - SHEFFIELD - NEWCASTLE-ON-TYNE - GLASGOW + CARDIFF 


B 6190 
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OlL BURNERS 


Stordy-Hauck  self-proportioning oil 
burners are designed for better of! 
combustion, accurate contro! of fur- 
nace temperature and atmosphere and 
maximum fuel economy. 


Brochures ore ovailoble illustrate the full 
range of Stordy-Hauck burners. 


Store ick self-proportioning oi! 
burner applied to a rotary dryer and 
asphalt plant. 
Th® burner more than meets the 
operating temperature ranze required 


LASS MELTING 


_ersare fitted to this Hartford Emp 
lass melting installation, co 


( TESTING 


Stordy manufacture at their 
Wombourn Works a full range of 
Hauck fully self-proportioning oil 
burners with full facilities for experi- 
mental work and for full testing of 
production burners before despatch. 


STORDY ENGINEERING LIMITED 


Telephone: Wolverhampton 3734! 


‘ese 
‘te 4 ut n fs. Te nde u m: rol. . : 
CUMBRIA HOUSE GOLDTHORN HILL WOLVERHAMPTON. 


GAS 


The Wild-Barfield Generated Gas and 
‘Carbodrip’ methods of gas carburising 
ensure minimum carburising time, fastest 
production rates and full quality control. 
Write to us for advice on the application 
of gas carburising for your work. 


ELECTRIC \ 


idl) FOR ALL HEAT-TREATMENT PURPOSES 
Backed by 40 years’ specialist experience 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ELECFURN WORKS - OTTERSPOOL WAY © WATFORD-BY-PASS ‘ WATFORD ‘HERTS. Phone: Watford 2609] (8 lines) Grams: Elecfurn, Watford 
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. . for Complete Monolithic Linings Moulding 
Special Shapes - Repairs to Brickwork 


Approx, weight required 
How Ty Methods Refrac- per per 
Supplied of fet of Uae toriness Temperatore metre For further details of the full range 


Thermal Maximem 


Temperature 
of Plastic Refractories, Refractory 


“Maksicear Plastic Plastic 140 2243 
Stein 185 2483 Cements and Castable Refractories, 
Stein 73 Plastic —_—Plastie patching 180 2404 ask for Pamphlet No. 4. 
Maksiccar Fire Wand 

Putty Plastic moulding 1350°C 500°C 1100°C 140 2243 
Stein Carome Semi- or 

Patch Plastic 600°C 1900°C 200 3204 
Maksicear Patch Plastic 1690°C 1550°C 135 2162 Our technical departments are also available 
Stein 73 Patch =. os ~ + 1750°C 600°C 1900°C 175 2804 to advise on suitability of application 

patchi 

Stein bry 15 and correct ramming procedure. 


JOHN G. STEIN & Co. Lid.. Bonnybridge, Scotland. Tel: BANKNOCK 255 (4 lines) 
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haracteristic of British Crafts- 
manship is this handsomely 


worked pistol. Made in the 16th 


Century from steel and wood it 
is a fine example of the work of that period 
and can be seen in the Victoria and Albert 


Museum. 


Britain is proud of her craftsmen ; throughout 
the years their skilled workmanship has earned 
a reputation for Britain that is second to none. 
The historical associations of steel in England 
chronicled through the ages, show how depen- 
dent we have become upon its production. 
Today its manifold uses in industry and every- 
day life have become legion—civilisation itself 
is woven over a framework of iron and steel. 
Hallamshire high grade Alloy and Carbon 
steels are an integral part of Britain’s 


traditional good name. 


Manufacturers of : 


ALLOY & SPECIAL CARBON STEELS 
BARS - SHEETS - PLATES - WIRE RODS 


THE HALLAMSHIRE STEEL COMPANY LIMITED ° SHEFFIELD 3 ° ENGLAND 
Telephone: Sheffield 24304 (7 lines) Telegrams: Hallamsteel Sheffield 
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BRIGHT STEEL 


ROUNDS » HEXAGONS - 
SQUARES - FLATS & SECTIONS 


THE 


STEEL 


196/7, PALACE CHAMBERS 
BRIDGE ST., LONDON, S.W. | 
TEL. WHITEHALL 2015 


8, CHATHAM STREET 
MANCHESTER | CEN. 0413 


Nr BIRMINGHAM 


HALESOWEN 11491 


HALESOWEN | | | | 


@Microfin Diamond Abrasive 
Compound is made in both water 
and oil soluble composition. 
Used for polishing Metallurgical 
specimens it is helping labora- 
tory practice by bringing out the 
metal’s characteristics 
without causing metal flow and 
by giving clear definition of grain 
boundaries edges and inclusions. 


USED IN MODERN METALLURGICAL LABORATORIES 
AT HOME AND OVERSEAS 


Our TECHNICAL SERVICE will be pleased to 
arrange a demonstration in your own laboratories 
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FACTORY 
AT BLETCHLEY 


@ ‘o increase our cutpur of Industria] Furnaces we have acquired a madern Factor» 
in Bletchley, Buckinghamshire. we have trandlerred the butidin: 
side of our business. 


The Factory covers an area of 15,000sq, ft. and we car therefore Bow hands 
much larger Furnaces than before. ‘The Works has been equipped with up-to dar 
Machine Tools, and we have exceilunt toading and unloading faciiicies which 

an overhead runway with an electric lifting block of Stor: capacity. 


We earty 8 wide range of refractories which enables us to handle urgent reps 
work give prompt delivery for new equipment, shall be pleased 
recelyenquiries for Gas, Oil and Electric Furnaces, Suit Bach:. Air Cirewlators, 
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MAGNESIUM is thelight answer 


What have a motor car, a camera, a typewriter in common? 
These and countless other products embody 
pressure die castings made with Elektron magnesium. 
Magnesium is increasingly chosen for pressure die castings 
when lightness and a high strength/weight ratio are required. 
Dimensional accuracy is high and the surface finish excellent. 
The metal’s good machinability at high speeds, generally without cutting fluid, 
offers obvious economies in production time and costs. 
Since pioneering the light alloy pressure die casting process 
in this country, Birmal have developed foundry facilities 


and techniques unsurpassed throughout Britain. You’ll profit 
ae B AL we by coming to us for the light answer to your casting problem. 


Birmingham Aluminium Casting (1903) Co Ltd Smethwick 40 Staffs 
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Clayton Son & Co. Ltd., of Leeds, 
have been well known as heavy 
engineers for nearly 100 years and 
one important aspect of their busi- 
ness is the fabrication of large 
welded pressure vessels. Recently 
they received an order for two high 
pressure propane gas cylinders, one 
of which is shown in Figure 1. These 
are of all-welded construction and to 
comply with British Standard 1500, 
dealing with stress relieving of pres- 
sure vessels after welding, the whole 
of the vessel must be heated after 
fabrication according to an extremely 
exact time/temperature schedule. 
When the stress relieving temperature 
of the vessel is at 650°C, the tempera- 
ture differential between any two 
points must not exceed 50°C. 

The usual method of meeting these 
requirements is to place the pressure 
vessel in a gas-heated furnace and 
raise its temperature in accordance 
with the requirements of B.S. 1500. 
However, as the dimensions of the 
vessels increased —the gas cylinders 
mentioned above being 46’ x 9’ in 
diameter—the number of stress 
relieving furnaces available for this 
class of work was limited. Sometimes 
the job had to be done by inserting 
one end of the container into the 
furnace with the other end protruding, 
and then reversing it. This was obvious- 
ly uneconomical in terms of fuel and 
hardly met the real requirements of 
B.S. 1500. 

Messrs. Claytons discussed their 
problem with the Industrial Develop- 


ment Centre of the North Eastern 
Gas Board, and they undertook 
experiments with high velocity jet 
type gas burners, working on an old 
Lancashire boiler shell. Within six 
months, the North Eastern Gas Board 
had evolved a method of stress re- 
lieving these larger containers in situ, 
obviating the inconvenience and 
expense of transporting the vessel to 
another factory for the stress relieving 
to be carried out. This stress relieving 
process is covered by a joint patent 
held by the North Eastern Gas Board 
and Clayton Son & Co. Ltd. 

A model of the equipment used 
is shown in Figure 3 and the burner 
is shown in Figure 2. 

First the whole of the vessel was 
lagged with an insulating material 
which in this case was 4” of Rocksil. 
The jet burner was then arranged to 
fire through the manhole of the vessel 


Fig. 2. 
High velocity jet 
type gas burner. 


FURNACELESS HEATING 


Stress Relieving Large Vessels Without a 
Permanent Furnace. 


Fig. |. 46° x 9 diameter high pressure cylinder, stress relieved in situ. 


into a hot gas distribution tube 
arranged internally, having a number 
of perforations, as shown in Figure 4. 
The hot blast of gas through the 
central distribution tube causes, by 
entrainment, the recirculation of 
waste gases within the centre tube, 
distributing the heat uniformly 
throughout the vessel. In addition, arr- 
angements were made for jets of com- 
pressed air to control the hot gas flow 
from the ends of the distribution tube 
to provide uniform heating at the ends 
of the vessel. Finally, the hot gases 
escape through the same vent through 
which the burner fires, as shown in 
Figure 4. Since it is necessary to 
record the temperature of the vessel 
at points not more than 15 feet 
centres, steel blocks were welded to 
the vessel and carried the thermo- 
couple wires. A continuous record of 
the vessel temperature was main- 
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tained over the heating and cooling 
periods and experience seems to 
indicate that the temperature sched- 
ule can be maintained even more 
accurately than is at present required 
by the B.S. Actual records obtained 
are shown in Figure 5. The following 
data give some idea of the perform- 
ance achieved in the stress relieving 
of the high pressure cylinder shown 
in Figure |. 


Dimensions of Vessel 


i” shell, 1” endplates 


Access hole. .18” diameter, 6 ft. from end 
Approximately 21 tons 


Burner Dimensions 


28” 
Air capacity available.......... 1000 c.f.m. 


Gas maximum capacity . . 7000 cu. ft. per hr. 

Jet speed (tunnel exit) .. Approx. 400 m.p.h. 

Recirculating tube.......... 15” diameter 

Discharge holes. . . .3”—34" dia. holes along 
its length with 6°—9” end discharge. 


Operational Details 


Normal heating rate. .7 hrs. to reach 600°C 
Average gas rate... .4200 cu. ft. per hour 


The thermocouple readings over 
the period under investigation are 
given in Figure 5 and the inspecting 
authorities showed a great interest 
in the process, which they thought to 
be an improvement over prevailing 
methods. It is of interest to note that 
the Rocksil lagging cost about £280 
with an additional £75 for its applica- 
tion and the installation of the centre 
tube. It is thus obvious that stress 
relieving of large vessels can now be 
carried out at minimum capital cost 
by fabricators without furnaces, 
eliminating transport to furnace plant 
with freight charges estimated at no 
less than £1 per ton per mile. 


This is, of course, only one practi- 
cal application of furnaceless heating. 
The North Eastern Gas Board and 
Messrs. Clayton Son & Co. Ltd., 
are experimenting with the erection 
of a temporary furnace which might 
be likened to a form of Nissen hut in 
sheet metal. This is lagged with 
Rocksil and irregular shaped articles 
of large tonnage may be placed inside 
this canopy. Once again a central tube 
arrangement is used, the jet burner 
being so placed that the whole of the 
irregular shaped component may be 
uniformly heated. Such a furnace is to 
be built by Messrs. Claytons. 


The North Eastern Gas Board is 
also using this for the drying out and 
heating up of large glass furnaces after 
they have been repaired or rebuilt. 
Here again is an instance where the 
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Fig. 3. 
Model of equip- 
ment used in 
furnaceless 
heating process. 


COMPRESSED aR 
Fig. 4. 


Diagrammatic section 
through lagged 


INSULATION 


cylinder showing 
burner jet and 
distribution tube. 


‘A 12 noon 


Fig. 5. Continuous temperature recording 
of heating and cooling process. (Maximum and 
minimum curves of the 12 points recorded). 


time/temperature schedule must be 
rigorously controlled because of the 
various physical and chemical changes 
which occur in the furnace brick work 
during drying out and pre-heating 


periods. The summarised advantages 
of furnaceless heating include: 

a Minimum capital cost. 

6 It is no longer necessary to 
occupy permanent factory 
space with a huge furnace. 

c Reduced running costs. 

d_ The advantages of stress reliev- 
ing in situ. 

The North Eastern Gas Board is 
convinced of the importance of the 
applications of the principle of high 
velocity jet type burners for many 
heat treatment processes without using 
a permanent furnace structure. Typi- 
cal applications include pressure 
vessels for the chemical and oil 
refinery industries as well as those 
employed in nuclear energy projects. 
This is one example only of the 
manner in which the Industrial 
Development Centres of the Gas 
Boards undertake work on behalf of 
and in co-operation with manufact- 
urers. Their experiences are inter- 
changed so that any manufacturer 
approaching his Industrial Gas 
Engineer has the benefit of this 
co-ordinated knowledge of applied 
industrial gas techniques. 


Scottish Gas Board, Edinburgh 
Northern Gas Board, Newcastle-upon-Tyne 
North Western Gas Board, Manchester 
North Eastern Gas Board, Leeds 

East Midlands Gas Board, Leicester 
West Midlands Gas Board, Birmingham 
Wales Gas Board, Cardiff 

Eastern Gas Board, Watford 

North Thames Gas Board, London, W.8 
South Eastern Gas Board, Croydon 
Southern Gas Board, Southampton 
South Western Gas Board, Bath 


The Gas Council, 1 Grosvenor Place. 
London, S.W.1 
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CONTINUOUS 
BOGIE TYPE 
REHEATING FURNACE 


Illustrated is a Gas-fired Furnace 
supplied to Jessop- Saville Ltd. 
Brightside Works, Sheffield, for 
reheating alloy steel ingots prior 
to rolling. 


We also specialise in the design 
and construction of :— 


Open Hearth Furnaces 
Soaking Pits of all types 


Continuous Multi-zone Bloom 
and Slab Re-heating Furnaces 


Continuous Bogie type Ingot 
and Slab Heating Furnaces 


Furnaces for Aluminium Melting, 
Coil Annealing and Slab Re-heating 


Forge and Heat Treatment Furnaces 
Stress Relieving Furnaces 
Shipyard Plate and Bar Furnaces 


PRIEST FURNACES LIMITED - LONGLANDS - MIDDLESBROUGH 
also at KELHAM ISLAND WORKS - SHEFFIELD 3 
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Lectromelt 


Vacuum 
Arc Melting 


for higher quality special alloys & stainless steels 


Many years of co-operation between Allegheny 
Ludium and Lectromelt in the production of 
Vacuum Arc Melted Alloys have evolved the 
Lectromelt Consutrode Vacuum Arc Melting 
Furnace. The accumulated knowledge in this 
field and the extensive engineering experience 
of building the many installations in the U.S.A. 
are now available in Great Britain and 
Scandinavia through an exclusive Lectromelt 
licence granted to S & A. 


Lectiomelt 


A 20° x 8500 pound furnace installed by 
Lectromeit at Latrobe Stee! Co., Latrobe 
Pennsylvania. 


Stein & Atkinson Ltd. 


fw. 


| 
Hi 
— 
ES Westminster House Kew Road Richmond Surrey 
FURNACE ENGINEERS 


150 to» capacity bogie hearth furnace 80 ton direct arc melting installation 


HEAVY DUTY ELECTRIC FURNACES 


_METALECTRIC. SERVING INDUSTRY EVERYWHERE 


METALECTRIC FURNACES LTD. 


| SMETHWICK ENGLAND 
FOR ALL FORMS OF ELECTRIC HEAT TREATMENT EQUIPMENT 


Conti blackheart and pearlitic malleablizing Roller hearth bright annealing 
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- mitt Wee dawande of MODERN STEEL MAKING PROCESSES 


Ferroclad bricks are steel-clad on four 
sides, and have the following advantages 
over the traditional fired bricks :— 
Absolute accuracy of shape and size—no 
loose plates—no damage during transit— 
easy to install—no jointing cement 
required—elimination of spalling during 
temperature changes —iron-oxide 
bursting reduced to a minimum—longer life. 


For over 10 years General Refractories 
Ltd. have manufactured steel-clad basic 
bricks under licence by the Heuer 
processes. One of the principal features 
of Ferroclad is that the graded 
refractory material and metal casing 
form an integral unit by means of 
controlled hydraulic pressure—no air 
infiltration—the case fits like a glove. It is 
made in four main qualities to suit requirements. 
Ferroclad bricks are extensively used in the 
roof, front and back walls, and ends of basic 
open hearth furnaces ; in basic electric furnaces ; 
and in copper reverberatory furnaces. 


ROCLIP SUSPENSIO’ 


TABHANGER SUSPENSIO 
Bricks supplied with a 
special stainless steel 
tab co-moulded with 
} the brick, embedded 
into the surface of the 
top face. By the use x 
of a special tool the 
tab may be bent out 
at right angles to the 
top face to form 

a hanger 


RROCLAD ‘EE’ BRICKS 


Divided internally by 
two plates placed 
lengthwise. This 
system reduces flaking 
and spalling toa 
minimum and can be 
applied co all 
Ferrociad shapes and 
sizes. 


r This method allows 
the brick to be 
suspended from the 
end. The Ferroclip 
hanger slot may be 
moulded into any 
| roof or wall shape. 


COVERED BY 


During recent years the demand for Ferroclad has 


increased so tremendously, that General Refractories facture is covered by British Patent No. 
Ltd. have granted a sub-licence to Messrs. Pickford 546,220 and other additions, including the 
Holland & Co. Ltd. to manufacture similar products “Ferroclip,” the “Tabhanger” and the “EE”, 
within the scope of the British Patents mentioned are covered by British Patent Nos. $46,220, 
above. 600,630, 749,491, 778,047 and 778,048. 


full technical information on request 


GENERAL REFRACTORIES LTD 


Furnace Linings 


from the Genefax Grou 
‘ ; GENEFAX HOUSE - SHEFFIELD 10 - Telephone - SHEFFIELD 51113 
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‘NEW MILL FOR BRITAIN 


ALCAN INDUSTRIES 
-NORTHERN 
W U BRISTOL: Peloquin Chambers, St. Augustine's Parade |. Bristol 2035! 
; LEEDS: 26-27 Park Row |. Leeds 3362! - LONDON: 50 Eastbourne Terrace W2. 


Sales Offices: BELFAST: Donegall House, 7 Howard Street. Belfast 32805 
BIRMINGHAM: Devonshire House, Great Charles Street 3. Central 7393 


Feds Paddington 3281 - LUTON: 57 Bute Street. Luton 7364-5 - MANCHESTER: 
mar tl. ae 23 Princess Street 2. Central 9335 - NEWCASTLE UPON TYNE: Groat House, 
: Collingwood Street |. Newcastle 20878 + Castings & Forgings Sales Division: 

Middlemore Road, Handsworth, Birmingham. Northern 3671, 
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This 8,000 horse-power 144-inch mill, first stage 
in a ‘hot line’ one third of a mile long, is the 
centrepiece of the latest expansion of the 
continuous strip mill at Rogerstone, Monmouthshire. 
New equipment and modernisation at a cost of 
over £7 million makes Rogerstone the 

largest aluminium rolling mill in Europe, with a 
nominal capacity of 70,000 tons of sheet and 
strip products a year, plus a substantial 

extra capacity for hot-rolled coil and plate. 

It demonstrates the determination of 

Alcan Industries - the new name of 

Northern Aluminium Company - to maintain their 
position as leading suppliers of aluminium 
products to British industry. 

Aluminium alloy plate over eleven feet wide 
can be produced by this big new mill, 

compared with the maximum width 

previously available of about seven feet, and 
this wide plate offers the designer more scope 
and can save time and money in construction. - 
It is of special significance to the shipbuilding, 
railway, chemical, petroleum 

and other engineering industries. 

This mill thus complements the other 

facilities at Rogerstone for production of 
high-quality, flat, accurately-sawn plate: a 
4,000 ton stretcher and special plate saw. 
Leadership in equipment is backed by long 
experience in the application of aluminium, 
including joining methods. If you use, 

or might well use, aluminium, for expert advice 
get in touch with your nearest Alcan Industries 
(formerly Northern Aluminium) office. 


ITED This new name identifies the company more clearly as a 
LIM member of the Aluminium Limited of Canada enterprise, 
comprising some fifty companies in all parts of the world. 
Emphasis is thereby laid on the advantages that the company 
and its customers enjoy in being able to avail themselves of 
the Group’s extensive research and development resources, 
and its great fund of experience in the smelting, manufacture 


and application of aluminium. 
ALUMINIUM LIMITED OF CANADA 
sroup of compames 
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Hearth-plate cast in 
37 /\8 nickel-chrome 
heat-resisting steel to 
be used in Shoker- 
Hearth Furnace. 


Thompson L’Hospied go to great lengths in the cause of 


heat treatment ! 


Look at this Hearth-plate—all 12 feet of it—straight and 
true without a join, without a flaw. The perfect casting, 
in the right alloy, to do the job better. Another out- 
standing achievement by Thompson L’Hospied whose 
close association with the Furnace industry offers unique 


facilities for research and testing under actual conditions. 


Thompson L’Hospied 


AND COMPANY LIMITED, STOURBRIDGE, ENG 


A Member of the Incandescent Group 
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ROBERTSON 


FRANCE 


Photograph by courtesy of Compagnie Francaise des Metaux. 


Two-high Reversing Hot Mill for aluminium 
installed by Robertsons at the works of 
Compagnie Francaise des Metaux. 

Rolls 32" « 64". Speed 400 feet per minute. 


W.H. A. ROBERTSON & CO. LTD. 
BEDFORD ENGLAND 


LICENSEES FOR THE BUILDING OF SENDZIMIR COLD REDUCTION MILLS AND PLANETARY HOT MILLS, HALLDEN 
GUILLOTINE AND ROTARY FLYING SHEAR MACHINES, AND TORRINGTON METAL WORKING MACHINERY. wr. 330n 


METALLURGIA, November, 1960 


4 
— 
| 
17 


ENGLAND. 
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These illustrations, by courtesy of Ford Motor 
Co. Ltd, show two of many continuous gas 
carburizing furnaces installed at their Dagen- 
ham factory, using endothermic atmospheres 
produced from PROPAGAS. 


See us at STAND No. 424, Grand Hall Gallery, Olympia, Public Works Exhibition 


PROPAGAS provides industry not only witha 
high calorific value fuel gas (approximately 
2,500 b.t.u. cubic foot) but also with an 
excellent medium for the production of 
special furnace atmospheres. It is widely 
used for gas carburizing, carbonitriding and 
bright annealing of ferrous and non-ferrous 
metals. 

BOTTOGAS Butane, like Propagas, is a petro- 
leum gas delivered and stored as a liquid 
under moderate pressure. Bottogas is used 
as a fuel for fork lift trucks and for many 
other specialised applications. 

PROPAGAS Propane and BOTTOGAS Butane come 
from the great British refineries of the 
Shell, Eagle and BP Groups, backed by a 
technical service second to none and witha 
complete sales organisation covering the 
United Kingdom. 


(Regd. users of trade marks) 


SHELL-MEX AND B.P. GASES LIMITED 


CECIL CHAMBERS 76-86 STRAND LONDON WC2 Telephone: TEMple Bar 1234 


“The biggest distributors of Propane in the U.K.” 
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CUSTOMERS OF 
CARBORUNDUM 


“Furnace output nearly 


doubled already” 
says Jack Masters 


The trade knows Jack Masters—as it knew his father and 
grandfather before him (and now his son is carrying on the 
Masters’ tradition). Jack Masters has been |5 years with Enfield 
Rolling Mills—Britain’s largest copper refiners. ‘Results are 
what interests me,” he says, “and here's a case in point. 
Automation is speeding our production all round—so the 
furnaces have just got to cope with more input. This furnace 
was designed to handle 2! tons of copper billets an hour: 
we've pushed up the temperature and raised her output to 
nearly double that figure. And that's not the limit! How did we 
manage? Carborundum's refractories, of course: CARBOFRAX* 
for the muffle arch, and REFRAX* for the combustion chambers.” 


* Registered Trade Mark. 


CARBORUNDUM can help YOU 


Jack Masters knows what he's talking about—and in almost all the world’s 
major industries there are men who talk about us as Jack does. They'll tell you 
that CARBORUNDUM helo them make better products, cut costs, and speed 
production. In the battle for expanding markets overseas, high quality, low 
price, and early delivery dates are vital for victory. There are rich prizes for 
those who can meet the challenge. Abrasive and refractory products by 
CARBORUNDUM can help you to win them. 


TRADE MARK 


THE CARBORUNDUM COMPANY LIMITED, TRAFFORD PARK, MANCHESTER Tel: Trafford Park 2381 
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Baldwin Atomat Nucleonic Thickness Gauges 


ACCURATE, CONTINUOUS, NON-CONTACT INSPECTION 
SAVES MATERIAL, LABOUR AND TIME! 


The Atomat Principle 
RAY SOURCE 
MATERIAL 


RAY DETECTOR 


Amount of rays passing 
through material indicates thickness 


or weight per unit area. 


That’s the very basic explanation of 
the Atomat principle. There are three 
main gauges; the Atomat Cold Strip 
Gauge, the Hot Strip Gauge and 

the Beta Gauge. 

In addition there are special purpose 
variations, made to meet the 
requirements of many different 
industries. 


HERE’S WHAT AN ATOMAT 
GAUGE CAN OFFER YOU 
Time and material saving both in 
production and setting up 

High accuracy 

Calibration in your usual units 
of measurement 


Continuous readings for materials 
in constant production 


Auto standardisation and control if you require 
Minimum maintenance 


Baldwin Atomats are already boosting production and 
cutting costs in the paper, metal rolling, rubber 

and plastics industries. Highly successful 
applications also include the measuring of selenium 
on aluminium, coatings of paint and lacquers, density 
of wood chips, coatings of grit on abrasive papers 


and padding and resin impregnation in the textile -. 
industry. But the potential of Baldwin Atomat a ’ Send for the Baldwin Brochure MA/124. 
Nucleonic Gauges has hardly been tapped. It 
on ma uges clear! 
Is there a place for them in your plant? _— and concisely. 


BALDWIN INDUSTRIAL CONTROLS 


Baldwin Instrument Company Limited, Dartford, Kent 4 sarver Group company 


Telephone : DARTFORD 20948 & 26411 Cables and Telex: Baldwin, Dartford Ba 
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Experimental Batch Furnace 
fully instrumented 


B.1.8.R.A. begin a new chapter 


long-standing questionson furnace 
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in research with their new 
experimental forge furnace. 
It will give the steel industry 
the answers to many 


design, operation and control 


The Energy Section of B.I.S.R.A. is now studying 
how to improve efficiency in batch type heating 
processes. And Honeywell Instrumentation is 
helping to write up the essential facts and figures 
—programming the heating cycles, too. 


MULTI-RECORDING. Four ElectroniK 12-point 
Recorder/Controllers continuously record the 
data from more than 100 thermocouples dispersed 
in the walls, chamber, flues, air ducts, recupe- 
rator, stack of the new experimental forge fur- 
nace, and in the 3-ton ingot. 


PROGRAMME CONTROLLING. A master tem- 
perature Controller sets the heating cycle and 


i Iam interested in applying Honeywell Instruments to | 

| Please send me technical information [ ]° | 
| Please ask your engineer to call C) | 
| (tick where applicable) | 
| Name | 
| Company | 
| | 


governs secondary controllers for fuel flow. At 
the same time, other Honeywell instruments keep 
a critical eye on furnace pressure, or help the 
analysis of flue gases. 


BIOGRAPHICAL NOTE. Similar instruments 
are used throughout B.I.S.R.A’s laboratories. 
Versatile, accurate, they are adaptable to pure 
research, pilot plant operation and to process 
control on the largest scale. In every application 
they are made doubly valuable by the design, 
engineering and maintenance service they carry 
with them from Honeywell Head Office or from 
branches in the principal towns and cities in 
tne United Kingdom. 


WRITE OR SEND THE COUPON TODAY to: 
Honeywell Controls Limited, Ruislip Road East, 
Greenford, Middlesex. Waxlow 2333 


Honeywell 
Fit 
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SINCE 1865 


be SAFE be SURE 
and use 


SLEEVES. 


that are proved 
by performance 


It is true to say that whenever 

absolute reliability of sleeves is 
required Marshall Sleeves are in 
greatest demand, The improved See 


FF’ sleeve is the product of 
continued practical research over 
the years. It has a high chemical 
quality and is successfully 

used in all major 

steelworks throughout 
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WHEN THE Going Gets REALLY rover... 


& RUNNERS 


STOPPERS & NOZZLES + TRUMPETS & PIPES + CENTRE BRICKS 


LADLE BRICKS 


REFRACTORIES 


THOMAS MARSHALL & CO. (LOXLEY) LTD ~- LOXLEY ~- SHEFFIELD ~- TEL: 343844/5/6 


One of the MARSHALL REFRACTORIES GROUP of Companies 


A PRODUCT OF 
PRACTICAL RESEARCH 


* MOULD HEAD BRICKS 


TM40 
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ref: refractories 


When it is a question of making a 
decision as to the best refractory bricks 
to use for a certain job, you need the 
best advice you can get. 

Nearly a 100 years of brick making has 
resulted in a vast experience of refrac- 
tories manufacture and our modern 
brick plants supply high grade products 
to a wide range of industries. 

Our experience, both as manufacturers 
and users, is at your service at all times, 
and we invite you to write to us when- 
ever you need information or advice. 


CONSETT have all the answers ! 


CONSETT IRON CO. LTD. ez 


CONSETT 
COUNTY DURHAM ae 


Telephone: Consett 341 Telegrams: Steel Phone Consett TORIES 
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Demag high-frequency 
induction furnace 
installation at a steel 
making plant, incorporating 


two I ton capacity furnaces, 


two 660 lb. capacity 
Surnaces, and one 110 Ib. 
capacity furnace. 


+ 


High Speed and High Output are the key features 
in the medium and smaller range of furnaces offered 
by G.W.B. Furnaces Ltd. Many years are behind 
both the Coreless and Arc Furnaces of Demag and 
Lectromelt designs. 

Daily, electric furnaces are finding wider and wider 
applications, and the coreless induction (crucible) 
type is no exception as it is an ideal medium for 
melting steel and iron, and all other metals. It is 
particularly advantageous in steel works where a 
charge of scrap of known analysis is melted and is an 


P.O. BOX 4 - 
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A 3 ton capacity Lectromelt arc furnace of 9 0" diameter shown with roof swung ready for charging. 


installation that pays for itself in a very short time. 
The proven economies of operation of electric arc 
furnaces offered by G.W.B. have earned an enviable 
reputation, and a few of their outstanding features 
are:— 

Separately mounted roof lift and swing mechanism 
for top charging; Four suspension of the 
roof ring; Electrode the power operated, 
spring-held, air release type; High speed movement 
of the electrodes; Offset rocker centres to return 
furnace from extreme tilt in event of power failure. 


G.W.B. FURNACES LIMITED 


DIBDALE WORKS .- 
Proprietors: Gibbons Bros. Ltd., and Wild-Barfield Electric Furnaces Ltd. 


DUDLEY - WORCS. 


Telephone: Dudley 55455 


Gwe 243 
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‘VACUUM MELTED METALS 


» COULD A VACUUM FURNACE 
DO THE SAME 
FOR YOUR PRODUCTS? 


Model 2555 Vacuum Induction Fur- Model 2705 Non-Consumable Arc 
nace with melting capacity of 50 Skull Furnace with a capacity of 50 
unds of steel. Other standard pounds of titanium. Other standard 
urnaces have capacities of 12 to vacuum are furnaces have capacities 
3,000 pounds. of 8 to 10,000 pounds of titanium 


FuRMwACES 


Metals for parts to withstand jet engine temperatures 
and stresses can be produced in vacuum furnaces. 
Such metals enable components to be made with 
fewer rejects. If your products need parts that 
operate under severe conditions or need high purity 
metals or alloys—a vacuum furnace will help you 
to produce them. 

Wild-Barfield can supply equipment made to the 
designs of and tested by the unrivalled experience 
of the National Research Corporation who have 
built and operated more high vacuum furnaces 
than any other company in the world. 

Write for details of the Wild-Barfield—NRC range 
of high vacuum plant. 


WILD-BARFIELD--NRC EQUIPMENT INCLUDES: 


VACUUM INDUCTION FURNACES 
VACUUM ARC FURNACES 
VACUUM RESISTANCE FURNACES 
VACUUM ANALYSING EQUIPMENT 
HIGH VACUUM DIFFUSION PUMPS 
LABORATORY VACUUM FURNACES 


is the trade-mark of the Notional! Research Corporation, 
registered im the United Stotes Patent Office 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ELECFURN WORKS OTTERSPOOL WAY WATFORD BY-PASS WATFORD HERTS. Telephone: Watford 26091 (8 lines) 
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A 1654 


Wadsworth Controlled Potential 


ELECTRO-DEPOSITION has long been recognised 
as an analytical and separative technique for solu- 
tions containing metallic ions. The method may 
be applied where the ionic concentrations of the 
metals present in solution vary widely, separation 
being best achieved where the potential of the 
working electrode relative to the solution is con- 
trolled, using a reference electrode as described 


independently by Sand & Fischer. Manual control 
of the electrode potential, although possible, is 
tedious and time consuming, with the result that 
automatic control circuits have been developed 
by a number of workers. 

The Southern Analytical controlled potential 
electro-depositor is based upon a design due to 
N. J. Wadsworth of R.A.E., Farnborough, and is 
intended primarily for use with platinum elec- 
trodes. The circuit is fully transistorised in the 
interests of compactness and reliability and is 
capable of supplying a maximum controlled 
current of 10 amperes to the electrolysis cell. In 
operation, the required cathode potential is preset 
upon a built-in high grade potentiometer. Any 
error between the preset potential and that of a 
reference half-cell (e.g. saturated calomel), 


mounted immediately adjacent to the cathode, is 
applied to an amplifier which controls the current 


Electro-Depositor 


SOUTHERN ANALYTICAL LIMITED CAMBERLEY 


passing through the cell in such a sense that the 
potential error tends towards zero. 


In order to ensure that thermal drift in the control 
amplifier is held at a very low level, a water- 
cooled heat sink is employed to maintain the tran- 
sistors at a substantially constant temperature. 
The accuracy of control attained may be judged 
from the fact that the incremental error in electrode 


potential as a function of cell current has a mean 
value of 1.6 millivolts/ampere; thus, when the 
electrolysis current has fallen to the low levels 
obtaining towards the end of a deposition, ex- 
tremely close control is established. It is note- 
worthy that the potential defined by the built-in 
potentiometer cannot be exceeded as cell current 
cuts off at zero potential error. 

The apparatus is supplied complete with leads 
for connection to the user’s own electrode assem- 
bly. If desired however, suitable standard 


accessory equipment can be provided. 


~ 
SOUTHERN 
\Analytical 


SURREY TELEPHONE: CAMBERLEY 3401 
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GMvtL MONO GENERATORS 


.... are Exothermic 


....are primarily designed 
for application where a high 
CO/CO, ratio is necessary 
such as gas carburising, carbo- 
nitriding, clean hardening, 
sintering etc. 


....¢an be used for the 
production of inert gas con- 
taining only traces of CO, 


.... an be fired by any fuel 
gas or a light fuel oil. 


The MONO | Generator illustrated 
produces 1,000 c.fi. per hour of a 
gas having a Dewpoint of —/5°C. and 
a CO, content of 0.2°(, using Town's 
Gas as fuel. Any trace of oxygen is 
removed catalytically. 


G.A.A. ATMOSPHERE GENERATORS 


.... Simple to operate 
Consistent in performance 


.... fully protected by automatic 
EXOTHERMIC OR ENDOTHERMIC 
NITROGEN GENERATORS OR AMMONIA 
CRACKERS FOR THE METALLURGICAL 


AND CHEMICAL INDUSTRIES 


GIBBONS APPLIED ATMOSPHERES LTD. 
A subsidiary of Gibbons Brothers Ltd. 
SPECIALISTS IN ATMOSPHERE PREPARATION, 
PURIFICATION AND APPLICATION 


GA 102 7 Greenfieid Crescent, Birmingham 15. Tel: EDGbaston 4269 
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Patent Nos. 637,337. 646,691. 606,40! . 


PRO-TEK 


No Scale 
Longer Tool Life 
Low Fuel Cost 


No Metal Loss 


PRO-TEK FORGING 


PRO-TEK Continuous Billet Heating 
Furnaces are built under licence 
arrangements with Metallurgical 
Oxygen Processes Limited and Indu- 
as, G.m.b.H., Essen. 
pecially suitable for repetition work 
either mild steel or alloys. 
Standard sizes from 10 cwts. per hour 
upwards with guaranteed performance 
and scale free high quality finish 
heating. 


NORMAL FURNACE FORGING 


All enquiries to 3 
GIBBONS BROTHERS LTD., DIBDALE, DUDLEY, WORCS. DUDLEY (P.8.X.) 
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Concentration 


Few more perfect examples 

of concentration—the co-ordination 

of eye, mechanical timing and innate 
personal skill—will be found than the 
art of the craftsman at the hammer. 
Father to son, down the generations, 
this ‘‘ know-how” is abundantly 

in evidence at Firth Brown 


ALLOY STEELMAKERS * FORGEMASTERS + STEEL FOUNDERS + HEAVY ENGINEERS 


THOS FIRTH 4 JOHN BROWN LIMITED ° SHEFFIELD ENGLAND 
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2.0990 FULLY 12.1001 


2.0996 AUTOMATIC 12.1005 
2.1001 12.1007 


through 


X-RAY 


ANALYSIS 


The more-than-modern instrument that brings the impersonal and reproducible 
precision of spectographic analysis to every branch of industry. 
THE AUTROMETER 


SOLE DISTRIBUTORS IN U.K. 
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Being precision-set, needs only to be fed with samples. 

Being fully automatic, can be operated by one unskilled attendant. 

Being free from human error, gives absolutely consistent results. 

Makes qualitative and quantitative analysis of as many as 24 elements in one sample. 
Uses a comparator system with single electronic chain. 

Provides by far the speediest method of elemental analysis by x-rays. 

Element range: Magnesium (12) to Californium (98). 

Is the ideal analytical tool for high consistency runs. 

And: the Autrometer has exceptionally rapid after-sales service. 

A product of Philips Electronics and Pharmaceutical Industries Corp. U.S.A. 


RESEARCH & CONTROL INSTRUMENTS LTD 


Instrument House, 207 King’s Cross Road, London, W.C.1 TERminus 2877 
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WITH THE 


RAYMAX GO 


X-RAY UNIT 


This equipment enables quick 
accurate analyses of specimens 
to be made without special pre- 
paration. X- ray spectrometry 
provides accurate determina- 
tions over a wide range of 
elements at percentages where 
the use of other methods 
would be tedious or inaccurate. 
Equally suitable for rapid 
routine determinations and 


specialized techniques. 


MAXIMUM SPEED 


EXTREME RELIABILITY 


EXCELLENT STABILITY 


Resolution of neighbouring elements assured by accurate slit design. 
Voltage and current stabilizers plus monitor ensure 

reproducibility of results. 

Multi-speed spectrometer provides rapid scans as well as accurate 

line profiles. 

Novel circuitry provides high counting rates with standard 

Geiger tubes. 

Continuously evacuated x-ray tube eliminates costly replacements 

and maintains spectrally pure beam of high intensity. 

Simple and robust, easily and accurately controlled. 

Rack mounted electronic chassis for simple and easy maintenance. 
Please write for full details of the Raymax 60 with Spectrometer 
and Counting Gear for Fluorescence Analyses and other techniques. 


Associated Electrical Industries Ltd. 
instrumentation Division Scientific Apparatus & X-Ray Dept. 


132135 LONG ACRE, LONDON, W.C.2. 
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Photograph by courtesy of Messrs. Wm. Beardmore & Co. Ltd., Glasgow 


Designed for Accuracy... 


BOGIE HEARTH 


FURNACES 


Operatingtemperature range 100°C.to — 950 C. 


High velocity recirculation of hot gases through 
and around the work is the most efficient and 
reliable method of achieving rapid and accurate 


Just one of the reasons why leading stee! works 
BRAYSHAW FURNACES LIMITED specify Brayshaw Recirculation Furnaces for heat 


treating modern alloy materials to rigid metallur- 
gical specifications. 

If you are not already aware of the many advantages 
of the Brayshaw system of recirculation ask for a 
consultation with our area technical sales engineer. 


BELLE VUE WORKS, MANCHESTER 12 
Tel.: EASt 1046 Grams: Hardening, Manchester 
Sheffield Office: 84 Blonk Street, Sheffield 3 Tel.: 22449 


London Office: 232 Bishopsgate, London E.C.2 
Tel.: BiShopsgate 3575/6 
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must be good 


A hardened steel roll must be good to give the precision, the finish, 
the long service required in cold rolling; so good that virtually only 
a handful have mastered this most exacting branch of the 
forgemaster’s craft. Doncasters are proud to be amongst that 
number. 

Doncasters hardened steel rolls are made in the widest variety of 
sizes from the small rolls used for precision metals to rolls 
weighing several tons each. 

Skill and experience ensure that every Doncaster roll is very good. 


DONCASTERS <> 
DD 


HARDENED STEEL ROLLS 


DANIEL DONCASTER & SONS LIMITED - SHEFFIELD 


MONK BRIDGE IRON & STEEL CO. + LEEDS 12 

MOORSIDE COMPONENTS - OLOHAM 

DANIEL DONCASTER & SONS (THE BLAENAVON CO. BRANCH) LTD. 
BLAENAVON - MONMOUTHSHIRE 
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NICKEL ALLOY STEELS 


ye? for long trouble-free mileage 


TYPICAL CORE MECHANICAL PROPERTIES OF 


Over a half-million miles and nineteen years of service 
have not impaired the efficiency of the David Brown 
gearbox fitted to this E.R.F. lorry operated by Samuel 
Drake and Sons Ltd., Honley, Huddersfield. During a 
recent major overhaul after 582,000 miles of running, the 
gearbox was found to be in excellent condition and was 
replaced for further service, with a rebuilt engine. 
Throughout their range of gearboxes, the David Brown 
Automobile Gearbox Division, Huddersfield, employ 
nickel alloy case-hardening steels, types En 34, En 36 and 
En 39. These steels are used to ensure reliability of the 
gears and shafts under the heavy and sustained stresses 
encountered in their operation. 


3 per cent nickel-chromium-molybdenum case-hardening steel 


SIZE 


HEAT TREATMENT 


MAXIMUM 
STRESS t.s.!. 


ELONGATION 
ber cent 


14” dia. 
24” dia. 


3” dia. 


Oil quenched 780°C. 
Oil quenched 860°C. 
Oil quenched 780°C. 
Oil quenched 860°C. 
Oil quenched 780°C. 


720 
627 


59:7 


19 
19 


22 


Additional benefits to be gained from the case-hardening nickel steels such 
as En 33, En 34, En 36 and En 39 include ease of heat-treatment, mini- 


misation of processing distortion and general reliability. 


Please send for our publications entitied, ‘The Mechanical Properties of 
Nickel Alloy Steels’ and ‘The Case Hardening of Nickel Alloy Stee/s’ 


MOND NICKEL 


THE MOND NICKEL COMPANY LIMITED THAMES HOUSE - MILLBANK LONDON: SW1 
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special 


for stress relieving 
transformer 
laminations 


Royce mesh belt conveyor 

furnace providing variable heating and 

cooling cycles, specially designed for continuous 
heat treatment of transformer laminations. 


A ROYCE SPECIAL COSTS NO MORE Normal working temperature — 820° 
THAN A STANDARD FURNACE Maximum operating temperature — 1050° 
Normal heating cycle — 60 mins. 


Judge for yourself. For your new Average power consumption — 
furnace get a quotation from Royce. 300 kwh per ton of laminations 
Atmosphere — burnt town gas. 


ROYCE ELECTRIC FURNACES LTD 


Designers and manufacturers of furnaces, ovens & kilns for all industries 
Albert Drive, Sheerwater, Woking, Surrey Telephone: Woking 5401 
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IMPROVED 
RECUPERATOR 
CONSTRUCTION 

NEWTON CHAMBERS 


Ensuring the accommodation 
of thermal expansion 
The Combined Newton Needle Air and Fuel Gas Recuperators bad bad 
shown above are installed on the Sterling Billet Heating Furnace with gas tightness 


at Messrs. Hadfields & Company Ltd, Sheffield. and incorporate 


this latest development in high pressure flexible-end connection. at elevated tem peratures 


Our portable demonstration model. The oval shape tubular stee! 
inserts are cast into the end-supporting flanges as an integral  /N@ latest introduction by Newton Chambers of the flexible-end 


part of each heat-resisting cast-iron heat exchanger element. (D B type) connections for high pressure air and fuel gas 
The steel inserts are welded into a thin steel diaphragm plate to 


recuperators are now available and can be demonstrated. 


which are connected the air and fuel gas inlet and outlet ducts, 


a completely gas tight joint is then ensured. 
This type of construction successfully accommodates thermal 


extensions within recuperators when operated at 


temperatures of up to 1,050°C. on the exhaust furnace gas side, 


and up to 650°C. on the combustion air and fuel gas side. 


We would welcome the opportunity to show you over 


installations now at work, and to discuss your recuperator 


problems with you. 


Newton 


REMEMBER THE SCOPE OF 


NEWTON CHAMBERS & CO LIMITED 
ENGINEERING DIVISION, THORNCLIFFE, SHEFFIELD 
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FURNACES... 


Batch and continuous types—electric or gas-fired 
—for all industrial processes. 


OTHER ‘ Barlow-Whi ’ HIGH EFFICIENCY 
PRODUCTS FOR THE CHEMICAL INDUSTRY 
include— 


PROCESSING OVENS, HOT OIL AND WATER 
CIRCULATORS, HUMIDITY CHAMBEKS, 
PLATENS AND HOTPLATES, PRESSURE AND 
VACUUM AUTOCLAVES, HEATED TANKS AND 
MIXING KETTLES OF ALL TYPES. 


(Top) ‘B-W’ 60KW Forced Convection 
Vertical Loading Furnace. 


(Left) A 3-zone Continuous Processing Furnace— 
typical ‘ B-W ’ custom-built equipment. 


Write for 


details quoti 
reference 1960 


The new 


for PURE (OXYGEN CONTENT LESS THAN I PPM) 
DRY powr minus r) HYDROGEN 


Deoxo catalytic gas purifiers have become widely accepted as the most 
efficient and economical method of purifying certain industrial gases. The 
new Deoxo Puridryer combines the features of this process together with an 
automatically operated drying unit. 

The Deoxo Puridryer, having a maximum capacity of 100 scfh, will purify 
normal commercial grade hydrogen to give a gas with an oxygen content of 
less than | ppm. By use of Linde Molecular Sieve as the drying agent, it 
achieves a dew point as low as minus 100°F which enables gas to be fed 
directly to a furnace. 

The Puridryer may also be used with other gases such as nitrogen, argon, neon 
and saturated hydrocarbons. 

Further information regarding the Deoxo Puridryer and Deoxo Catalytic Gas Purifiers is 
available on request. 


(ANGCELHARD (NOUSTRIES, 472.) 


BAKER PLATINUM DIVISION 
52 HIGH HOLBORN - LONDON - W.C.1 - Telephone CHAncery 8711 & 6506 


METALLURGIA, November, 1960 


38 


al 
| ia 
= 
x 
ar 
§ 
— 
4 
BARLOW-WHITNEY LTD 2 Dorset Square, London,N.W.1. Tel. AMBassador 5485/6 Works: London and Bletchley (| 
fs 
‘ 
= | 


copper 


BRI ITISH COPPER REFINERS LIMIT PRE NCS. PI 


right 


for every 
“Heat” 


Continuous research and 
development into the problems 
of higher temperatures, 

longer life, greater 

resistance to abrasion 

and improved production 
techniques are part of an 
integrated programme throughout 
the Dyson Organisation. 

Many steelmakers have come 
to depend upon the skill 

with which Dysons provide 

the correct refractories 

for every purpose. 


J. & J. DYSON LIMITED 


STANNINGTON - SHEFFIELD 
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drawings suitable for reproduction 
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connection with submitted manu- 
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Editor, “ Metallurgia,’’ 31, King 
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SUBSCRIPTIONS 


Subscription Rates throughout the 
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Welding in Russia 


F ever there was a time when anyone doubted the 

extent of the technological progress made by the 
U.S.S.R., that time is long past, for the doubts have been 
effectively dispelled by the demonstrations of such 
progress provided by the various “ sputniks ” that have 
been put into orbit in the last few years. While specta- 
cular developments such as these capture the popular 
imagination, they represent a great scientific achieve- 
ment, and are, moreover, based on an advanced state of 
technical development in many supporting fields. 
Welding is one such field, and the impressions gained by 
a party of experts from the United Kingdom in the 
course of a two weeks’ visit to welding research institutes 
in the Soviet Union are of special interest. 

There has been a tendency for the scepticism of the 
man in the street to have been swept away by the recent 
Soviet scientific “show of strength and for there to 
have been engendered a belief in the technological 
infallibility of the Russians. The scientifically trained mind 
would not be so influenced, of course, but would appreci- 
ate that, despite the disproportionately large numbers of 
Russian scientists and technologists, the considerable 
amount of effective work being carried out in the 
laboratories and workshops of the United Kingdom is 
making a not inconsiderable contribution to the advance 
of scientific knowledge. It is not surprising, therefore, 
to learn that the welding mission found that in some 
spheres the U.K. lags behind the U.S.S.R., whilst in 
others the reverse is the case. Members of the delegation 
returned with the impression that emphasis there is 
placed more on the application of new welding processes, 
and the associated problems, than on fundamental work 
for the sake of increasing knowledge. This arises from 
the all-out drive to expand production and the clear 
realisation of the part played by welding toward that 
end. The importance of welding in the modern engineer- 
ing and constructional programmes is probably more 
deeply appreciated in Russia than in this country. 

The visit took place under the auspices of the U.S.S.R. 
State Scientific and Technical Committee, and was 
arranged to coincide with the opening of a welding 
exhibition in Moscow within the permanent Exhibition 
of the Economic Achievements of the National Economy 
in the U.S.S.R. The party was impressed by the stan- 
dard set by this exhibition and by some of the exhibits, 
particularly in the fields of cold pressure welding (dis- 
similar metals), friction welding and diffusion welding. 
Automation and mechanisation of welding processes 
was the dominant theme. Specific items of interest 
were a portable flash welder with contour transformer 
to deal with pipes up to 27 in. in diameter; an auto- 
matic twin head circumferential CO, welding machine 
for the same size of pipe ; and a whole range of tungsten 
are welders dealing with pipes in a variety of materials 
and sizes from 3} in. to 7 in. diameter. 
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Methods to overcome the difficulties of distance and 
transportation to outlying areas were in evidence, and 
storage tanks up to 50 ft. diameter were shown which are 
prefabricated and rolled up for transport to sit» where the 
rolls are subsequently pulled open by means of tractors 
and assembled with the minimum of site welding. Pipe- 
lines are dealt with in the same way, being welded in the 
flat and coiled for despatch. Using a tractor-pneumatic 
combination, workers expand the 600 yd. coils into 
evlinders on site. The acceptance standard for the 
finish of welded components is lower than in this country ; 
puckering on the face of sheet materials when welding 
on studs, for example, is accepted in the manufacture of 
car bodies. This, however, is considered of secondary 
importance to the functional qualities of what is pro- 
duced. 

Although the exhibition was clearly intended to 
accelerate the spread of the latest techniques into the 
industries of the Soviet Union, it was significant that 
even quite senior staff of some of the institutes visited 
by the British party had not been to the exhibition, nor 
was it likely that they would be able to go. This con- 
trasted sharply with the sight of whole families— 
including small children—visiting the exhibition on 
Sundays. 

Of the five research institutes visited only one was 
entirely devoted to welding. One of the others was the 
research laboratory of a factory devoted to the manu- 
facture of are and resistance welding equipment ; another 
was equivalent to a university department ; and in two 
others welding was a department in an institute which 
had very much wider terms of reference. In only one 
of the institutes—the Baikov Institute in Moscow—is 
most of the research fundamental. In the other insti- 
tutes, although some fundamental work is carried out, 
most of the research is directed towards the eventual 
development of new welding processes and new processes 
of manufacture. 

Whilst the research and development effort in the 
Soviet Union in welding technology is on a very much 
bigger scale than it is in this country, this is to be 
expected from the difference in size between the two 
countries. There are some quite outstanding achieve- 
ments, but there are also certain spheres where, owing 
to the special conditions in the Soviet Union, work is not 
as far advanced as in this country. Welding of aluminium 
alloys by the inert gas metal are welding process appears 
to be further advanced in this country than in the Soviet 
Union. On the other hand the emphasis on submerged 
are welding has led to the development of methods and 
suitable fluxes for the welding of aluminium alloys, 
titanium alloys, and copper. The joints appear to be of 
good quality and are claimed to have properties not 
very inferior to those of the parent material. 

The conditions prevailing in many parts of the Soviet 
Union are unique, and processes may be developed under 
the pressure of economic factors different from those 
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existing outside that country. Friction welding, for 
instance, can sometimes serve as an alternative to 
resistance flash welding and requires less power. The 
urge to develop this process came from the possibility 
of its use in areas of very limited power supply. Another 
illustration based on difficulties of supply is bare wire 
welding using steam as the shielding gas, instead of 
argon or carbon dioxide. 

Very little has been done in the U.K. to date with the 
friction welding and diffusion welding processes to which 
Russia is now paying so much attention. These pro- 
cesses appear to offer a number of advantages, however, 
and the British Welding Research Association is to 
study their potential applications. In the friction 
welding process, which employs no external heat, the 
components to be welded are mounted in a device similar 
to a lathe, having a rotating headstock and stationary 
tailstock. The rotating and fixed components are 
brought into contact by pneumatic or hydraulic pressure, 
when intense local heat is generated. At the moment of 
upsetting pressure reaches maximum and the drive is 
automatically stopped. The process can obviously only 
be used where at least one of the components is a 
cylindrical or dise-shaped section, but it is claimed that 
the conversion of electrical energy into motive force is 


Meeting Diary 


2ist November 


Institute of British Foundrymen, London Branch (East 
Anglian Section). ‘Shaw Process,” by SHaw. Lecture 
Hall, Public Library, Ipswich. 7.30 p.m. 


22nd November 


Institute of Metal Finishing, South West Branch. 
* American Developments in Plating Zine Alloy Diecastings.” 
Chairman's address. Royal Hotel, Cardiff. 7.30 p.m. 

Sheffield Metallurgical Association. “Some Aspects of 
Research for Steel Foundries,”’ by Dr. A. H. Surry, Joint 
Meeting with the Sheffield Society of Engineers and Metal- 
lurgists. BISRA Laboratories, Hoyle Street, Sheffield, 3. 
7 p.m. 

23rd November 

Manchester Metallurgical Society. “ New Aspects of the 
Electron Theory of Metals,” by Pror. G. V. Raynor. Head- 
quarters of the Manchester Literary and Philosophical Society, 
36, George Street, Manchester. 6.30 p.m. 


24th November 


Institution of Engineering Inspection, North Western 
Branch. “ Impregnation of Castings,” by A. Younc. Engi- 
neers’ Club, Albert Square, Manchester. 7.30 p.m. 

Institute of Metals, Birmingham Local Section. ** General 
Metallurgical Problems in the Motor Industry,” by R. J. Brown. 
College of Technology, Gosta Green, Birmingham. 6.30 p.m. 


25th November 


Institute of Metal Finishing, Sheffield and North East 
Branch. “ Architectural Colour Anodising,”’ by A. W. Brace. 
Grand Hotel, Sheffield. 7 p.m. 


29th November 


Institute of Metals, Oxford Local Section. Junior 
Members’ Meeting. ‘‘ Electron Bombardment.” (a) ‘ Metal- 
lurgical Applications of Electron Probe Micro Analysis,” by V. D. 
Scott; (b) “ Electron Beam Melting,” D. B. Gasson; (c) 
“Theory of Electron Probe Micro Analysis,” by N. SwinpELLs. 
Cadena Cafe, Cornmarket Street, Oxford. 7.15 p.m. 

Sheffield Metallurgical Association. ‘ Some Applications 
of Castables and Mouldables in the Iron and Steel Industry,” by 
Dr. R. W. Grimshaw. BISRA Laboratories, Hoyle Street, 
Sheffield, 3. 7.30 p.m. 
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more economic than conversion into heat through a 
transformer, due to the inductance losses in the trans- 
former secondary circuit ; further, the process lends itself 
readily to mechanisation. The diffusion welding process 
consists, in essence, of bringing the clean surfaces of the 
components together ina vacuum when the application 
of heat and pressure results in the atoms diffusing at the 
facing surfaces to produce an alloy. Joints in dissimilar 
materials, e.g. metal to non-metal, can be produced in 
this way. 

One of the features of the Soviet system that im- 
pressed the visitors was the shortness of the time 
interval between the development of a new process or 
method and the availability of equipment for industry. 
This is probably due to the research workers having 
excellent facilities at their disposal for the manufacture 
of prototypes and production machines. 

The party found the Soviet scientists, with whom they 
came into contact, extremely well informed on the 
literature of the West, but they greatly welcomed the 
opportunity of being able to ask questions on points 
which were not clear to them. They were very keen to 
receive considered critical comments on their papers, and 
expressed the desire to publish such criticism in their 
own journals. 


30th November 


Institute of British Foundryrnen, London Branch 
(Southampton Section). ‘ Running and Gating of Castings,” 
by W. W. Guicx. Technical College, St. Mary’s Street, Southamp- 
ton. 7.30 p.m. 


ist December 


Institute of British Foundrymen, London Branch. 
Joint meeting with the Institute of Metals, London Section. 
* Origin, Detection and Elimination of Gases in Cast Metals,” 
by D. V. Arrerton. 17, Belgrave Square, London, 8.W.1. 
6.30 p.m. 

Liverpool Metallurgical Society. “Low Temperature 
Brazing,” by H. R. Brooker. Department of Metallurgy, The 
University, Liverpool. 7 p.m. 

Society of Chemical Industry, Corrosion Group. ‘ The 
Influence of Water Movement on Corrosion.’’ (a) Ferrous Mater- 
ials; (b) Non-ferrous Metals, by (a) G. Burier and (b) N. V. 
Nowtan. Olympia Empire Restaurant, London. (Tickets 
issued to members.) 2 p.m. and 3.45 p.m. 

5th December 

Institute of British Foundrymen, Sheffield Branch. 
* Engineering the Re-Layout of a Jobbing Core Shop,” by A. 
AruertTon. Technical College, Pond Street, Sheffield. 7 p.m. 

6th December 


Institute of Metals, South Wales Section. “~~ Valence’ in 
Metals and Alloys,” by G. V. Raynor. Metallurgy Department, 
University College, Singleton Park, Swansea. 6.30 p.m. 

Sheffield Metallurgical Association, Analysis Group. 
Atomic Absorption,” by R. Lockyer, BISRA Laboratories, 
Hoyle Street, Sheffield, 3. 7 p.m. 


7th December 


Institution of Plant Engineers, Southern Branch. 
* Treatment of Industrial Effluents,” Polygon Hotel, Southamp- 
ton. 7.30 p.m. 

Institute of Welding, Manchester and District Branch. 
“Automatic Welding,” by J. A. Lucey. Reynolds Hall, 
Manchester College of Science and Technology. 7.15 p.m. 

Manchester Metallurgical Society. “The Relationship 
between Physical Test Results and Engineering Performance,” 
by H. J. Lamste. The Manchester Literary and Philosophical 
Society, George Street, Manchester. 6.30 p.m. 

Society of Chemical Industry, Corrosion Group (Mid- 
lands Branch Meeting). “Cavitation,” by D. J. Goprrey. 
Engineering Centre, Stevenson Place, Birmingham. 7 p.m. 


(continued on page 210) 
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High Temperature Carburising 
By T. W. Ruffle, 


F.1.M. 


Ipsen Industries, Inc. 


In view of the growing interest in gas carburising at temperatures higher than are normally 

used, the author discusses the type of equipment required and the means of controlling the 

carburising atmosphere, and concludes with the presentation of the results on a series 
of test runs. 


organised by the British Iron and Steel Research 

Association and held at Harrogate, showed 
there is still widespread interest in the new development 
of carburising at higher temperatures. Some comments 
on current developments in this field and a more detailed 
account of work on atmosphere control at Ipsenlab, 
Rockford, U.S.A., may therefore be of interest. 

Development work reported by the steelmakers at 
this conference certainly gave encouragement on the 
score of core properties after treatment at quite high 
temperatures, and some favourable indications on case 
structure were noted as well. In the U.S.A. reports 
are now becoming available indicating substantial 
progress in regular commercial application of tempera- 
tures up to 1,035°C., with some work indeed being 
carried out at 1,100°C. This is particularly the case 
with certain West Coast operators dealing with oilfield 
equipment, which is subject to severe duty and normally 
calls for heavy case-depths. In additivn to substantial 
gains in economy of operation, favourable structures 
and properties appear to be developed in some instances 
by high temperature carburising as compared with 
carburising at more normal temperatures. 

Distortion has been studied with particular care in 
one instance—the bore of a bushing in which normally 
the only operation after case hardening is honing. High 
temperature operation has proved quite well able in this 
case to maintain consistency and to give close control 
of dimensions. The honing operation (limited to 
maximum shrinkage of 0-0007 in. in a | in. bore) can 
easily be retained in place of the alternate expensive 
grinding operation after carburising at temperatures 
of up to 1,000°C. 

Development work in Great Britain is proceeding 
in many places, with encouraging results in some at 
least, but no details have been generally released as 
yet. This particular process requires evaluation with 
some care, and experimental work is often handicapped 
by lack of suitable equipment, as furnaces capable of 
operating regularly at such temperatures have only 
recently become available. 


Suitable Equipment 


Suitable equipment is a most critical factor in this 
development for two reasons. First, furnaces of con- 
ventional construction cannot be pushed much above 
the usual operating temperature of 925°C. without 
excessive maintenance costs arising. Historically, it 
may be an interesting point as to whether the conven- 
tional carburising temperature was based on metal- 
lurgical considerations or on the economic limit of 
operation with heat resisting alloy muffles and retorts. 

The second reason why equipment is critical is the 
increased emphasis on uniformity which arises when 
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the process of carburising is speeded up by two or more 
times by increasing the temperature. This puts great 
emphasis on uniformity of heating and atmosphere 
distribution, and automatic control is necessary in 
order to secure satisfactory operation. 

The sealed-quench type of unit is more suited than 
the pit furnace in most respects for this high temperature 
work, and both bateh sealed-quench and pusher type 
units for greater outputs are now available for tem- 
peratures well above normal carburising levels. Opera- 
ting experience with ceramic fans is proving most 
encouraging ; increased production has now been 
arranged and more widespread employment is con- 
fidently anticipated. Indeed, development work em- 
ploying these fans and ceramic heating tubes is now 
more concerned with the temperatures for such opera- 
tions as high speed steel hardening, say, 1,300° C., 
rather than the lower level of temperature for high 
temperature carburising. 

Field experience with those operating equipment on 
high temperature carburising has fully confirmed the 
ability of suitably designed units to perform at 1,000° C., 
and higher, without excess maintenance or operating 
problems. Some operators now have experience of 
up to two years on fully commercial operation of high 
temperature carburising, with excellent results from 
the maintenance viewpoint. 


Atmosphere Control 


Work continues at Ipsenlab at Rockford, U.S.A., 
with both the regular production use of high temperature 
carburising and experimental work on control of the 
atmosphere and other aspects. Ipsenlab is an inde- 
pendent corporation of Ipsen Industries, Inc., operating 
partly as a development centre, partly as a commercial 
heat treatment unit, and partly as a demonstration 
plant for Ipsen equipment. A considerable amount 
of development work is carricd out on actual production 
furnaces in this way. 

The majority of the furnaces at Ipsenlab are batch 
type controlled atmosphere units, with several furnaces 
supplied from a single atmosphere generator. This 
requires operation of the generator at a ncminal dew- 
point. An adjustment is made to the various furnaces 
with natural gas or air additions to obtain the required 
carbon potential. All of the furnaces are equipped for 
monitoring and recording of atmosphere dewpoints, 
with automatic control for selected units. In the same 


way the endothermic generators are provided with 
automatic dewpoint equipment which maintains a 
pre-set control dewpoint on the generated gas. Both 
Alnor and dewcup measurements are made occasionally 
for comparison and check-out of the existing control 
equipment. 

Automatic control of furnace dewpoint is used for 
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Fig. 1.--Furnace temperature effects on dewpoint 


applications falling in four categories, all of which 
involve restrictive carbon ranges :— 

(1) restoration of decarburised surface of precision 

castings (0-18-0-23°%, carbon range) ; 

(2) homogeneous carburising or carbon restoration 

(0:40-0-50°%, and 0-60-0-70% carbon range) ; 

(3) all carburising cycles ; and 

(4) selected carbonitriding cycles. 

The specification governing precision castings is very 
critical due to their highly stressed application, and the 
restrictive carbon limits are important because of 
subsequent welding operations. A control dewpoint 
of +65° F. is used. Since the standard supply of 
endothermic gas in the shop is at a lower dewpoint 
than this, actual control is accomplished by introducing 
air directly into the work chamber in excess of the 
required amount to bring the dewpoint up to 65° F. 
Natural gas additives introduced through a solenoid- 
operated by-pass system, controlled by an automatic 
dewpoint instrument, brings the dewpoint back to the 
+ 65° F. setting. This method has been found easier 
to control than direct modulation of the air additive. 

At these low carbon contents, and in the medium 
carbon ranges, there is very little problem in maintaining 
reproducible results. The available charts on the 
carbon-dewpoint temperature correlation are reasonably 
accurate and can easily be adapted to the specific 
process, keeping in mind that compensation may be 
required for natural gas and ammonia additions, surface 
area of the work, tightness of the equipment, and other 
factors affecting atmosphere equilibrium reactions. 

The basic relationship of generator-furnace dewpoints 
may be of some aid as a preliminary check-out of equip- 
ment. (Fig. 1). The dewpoint of the generator and 
of the furnace should be identical at a furnace operating 
temperature equal to that of the generator. If a 
generator operating at 1,000° C. is producing a +30° F. 
dewpoint atmosphere, a furnace operating at 1,000° C. 
with this same atmosphere should also register a +-30° F. 
dewpoint. There must be equilibrium conditions in 
the furnace to maintain this relationship, and in practice 
it may require a considerable period to reach this con- 
dition. A persistent deviation, however, could indicate 
a furnace or generator problem, possibly incorrect 
temperature control of the furnace or generator, or 
excessive leakage at the furnace. This relationship 
may not hold true for all makes of equipment, as the 
critical factor remains the true reaction temperature of 
the generator. Relationship of the retort temperature 
to that registered by the control thermocouple of the 
generator must be determined before any compensation 
can be applied. 


This relationship of dewpoint between furnace and 
generator becomes quite a factor in high temperature 
carburising. It is well known that dewpoint is inversely 
proportional to carbon potential, and for a given poten- 
tial inversely proportional to temperature. The rela- 
tionship on the basis of just temperature and dewpoint 
variables is not often considered, however. There is a 
natural tendency to add extra propane to lower the 
dewpoint, and since higher temperatures require lower 
dewpoints, it is logical to expect a considerable increase 
in hydrocarbon additions as the temperatures are moved 
up for higher carburising temperatures. Actually this 
reasoning is not entirely true, because as the temperature 
is increased the measured dewpoint will also change : 
a typical charted sequence for various furnace tempera- 
tures, while maintaining a constant atmosphere flow, 
might read as follows :— 


Temperature Dewpoint 
815°C, + 57°F. 
875°C. 48°F 
925°C. 39°F 
985°C, 31°F 


(Generator operating at 985° C. with | 32° F. dewpoint) 


Results of Test Runs 

Fig. 2 pictures the carbon potential-dewpoint data 
applying to the temperature ranges that are considered 
practical for carburising. These curves are plotted 
from recent test data selected from sample processing 
and production runs. Previously reported information 
had indicated that a temperature of 1,035° C. might 
be practical for many applications, and several sample 
runs were made at this temperature. A normal 0-85- 
1-00°%, carbon specification would require dewpoint 
control within an estimated 2° F. range at this tem- 
perature. A comparative 4° F. deviation would be 
allowable at 925°C. This indicates the critical need 
for automatic control. 

One such test series was run to evaluate the possi- 
bilities of elevated temperatures for carburising bearing 
retainers. Although this application would not be 
considered ideal because of dimensional tolerances, a 
review of the results may be enlightening. (Table I). 
The parts were carburised in an Ipsen TFC—150 furnace 
at 1,035° C. for three hours to produce an 0-040—-0-050 in. 
effective case. Carbon step-down bars and shim stock 
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Fig. 2.—-Relationship between furnace dewpoint and 
percentage carbon in steel at practical carburising 
temperatures. 
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TABLE L.—RESULTS OF TEST RUNS 


Heat Generator | Natural Dewpoint Temperature (°F.) Carbon 
CPF.) Addition Dewtronik! Alnor Deweup | of Steel 


(e.f.h.) 


12 to 21° 


1 20 to 22° | 3 (const.) | 1I3te 20 | & to 20 7 
2 16 to 20° | 7 (const.) 4to +4 Oto5 |i—8 to +4) 1-48 
3 24 to 27° i+, 1-5 ll 9toll | &&tol3d | 1-13 
(adjust) | 

25 12 | 0-96 
Is to 20 2-5 12-5 , Iltel4 6tos 
6 20 25 13 11-5tol3-5) Sto lé 
7 20 2-5 11-5 9tol4 10 to 13 1-00 

*Not on automatic control 


specimens were run with each load. The furnace was 
conditioned to the selected dewpoint before loading. 
Alnor and deweup readings were made at frequent 
intervals in addition to record and control with an 
Ipsen Dewtronik dewpoint controller. The first three 
runs were preliminary attempts to check out previous 
cycles and establish natural gas additive ranges. Gene- 
rator atmosphere was first supplied from a unit on 
manual control, and results indicate the value of positive 
dewpoint monitoring directly at the source, in addition 
to dewpoint control at the furnace for such critical 
applications. In heats No. 1 and No. 2, constant 
natural gas additions were used with no attempt to 
control dewpoints automatically at the furnace. Prior 
tests had indicated approximately 5 to 10 c.f.h. of 
natural gas would be required for proper control with a 
30° F. dewpoint generator atmosphere. 

In Table I, the values for carbon percentage were all 
obtained by step-down bar analysis, and indicate a 
natural sequence with respect to dewpoint control 
settings. These runs, although in progression, covered 
a period of two weeks, and were scheduled between 
production loads. The furnace was conditioned prior 
to each load. Fig. 3 shows an actual reproduction of 
a Dewtronik record chart for one of the runs given in 
Table I, the actual heat being No. 3. 

In order to understand this, some brief comment on 
the operation of the Dewtronik instrument may be 
helpful. This instrument operates by measuring the 
dewpoint of the gas directly, and cools down a con- 
tinuously flowing gas sample in contact with a sensing 
head until dew forms. Immediately this happens, the 
head is heated to remove the dew and as soon as the 
dew is removed, the head cools again until dew is formed. 
Hence a small oscillating temperature is produced in a 
thermocouple located in the sensing head. This tem- 
perature is recorded as a broadened line by a pen on the 
chart as shown in Fig. 3, on which the range of 
oscillation and the fluctuating control can readily be 
seen. The lower point of the band may be taken as the 
actual dewpoint. This instrument is set up so that the 
position of the measured dewpoint in relation to the 
control setting operates a solenoid valve which admits 
a minimum or maximum flow of additive gas to the 
furnace. This can be set to give any minimum and 
maximum required to suit the conditions, and as will 
be seen from the chart it was originally set in this cycle 
for the minimum of | c.f.h. and a maximum of 4 c.f.h. 
Towards the end of the run when the generator had 
drifted from +24° to +27° F. this quantity of additions 
was insufficient and the furnace dewpoint began to 
drift from control. The additive panel was then reset 
to give | to 5 ¢.f.h. thus bringing the unit back under 
control again. In this particular furnace an atmosphere 


flow in the order of 200 c.f.h. would be normal. 
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Fig. 3.—-Reproduction of Dewtronik record chart for 
heat No. 3 [see Table I]. 


An examination of results would indicate some un- 
reliability in manual dewpoint measurement as a basis 
of control, although frequent checks are encouraged. 
Gas analysis for each load would be impractical, but 
with a recording fractometer or other gas analysis 
equipment now available, positive correlation on a 
pilot basis could be very helpful. Investigations of this 
nature are being made on production heats, and it is 
hoped that related dewpoint to gas analysis and carbon 
analysis information on varied treatments will be 
available for release in due course. In this work a 
+20° F. generator carrier gas has been found most 
suitable for most cycles at high temperature. 

One characteristic of dewpoint measurement at 
elevated temperatures is the necessity of very close 
attention to sample gas filtering and increased frequency 
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of cleaning of the sensing system. Fortunately, cleaning 
is a very simple operation and can be done without 
interrupting the carburising cycle. 

Additional consideration should be given to providing 
somewhat higher furnace pressures than normal, if 
possible by increasing atmosphere flow. This helps 
to compensate for any tightness limitations on the 
equipment, and additional atmosphere is usually 
available. 


It is hoped these notes on further practical work in 
this field will be of interest. It is already established 
that high temperature carburising is both practical and 
economical, at least for some types of carburising work. 
It would be regrettable to allow this possibly potent 
source of increased productivity and efficiency to be 
developed only abroad, and it is hoped the present 
interest here will steadily develop into practical appli- 
cation. 


Dorman Long Development Programme 


HE Dorman Long major capital expenditure 
programme of over £60 million since the war has 
been aimed primarily at establishing advanced 
techniques at all stages of manufacture in the production 
of a full range of rolled steel structural sections. This 
programme included completion in 1958 of the universal 
beam mill at Lackenby. In addition to the £7 million 
expenditure announced in July, the company is now to 
embark on further extensive development expected to 
cost £36 million to modernise much of its rolling mill 
facilities for other products. Overall production potential 
will be increased by a further 400,000 ingot tons per 


annum. At the same time as improving the efficiency of 


its plate and semi-finished steel manufacture, the com- 
pany will substantially increase its capacity in the light 
product field. A feature of the new mill proposals is that 
they will put the company into a favourable position to 
embark quickly on wide strip production at the next 
stage of development. 

In July 1960 Dorman Long announced plans for 
building a third 1,500-ton-a-day blast furnace at Clay 
Lane, and at the Lackenby steel plant a sixth 360-ton 
steel furnace and a third 600-ton mixer. This work, 
involving nearly £7 million, is already in hand and will 
raise ingot production from the present 2-3 million tons 
to 2-6 million tons. On completion of Stage IV develop- 
ment, now announced, the company’s ingot production 
potential will be 3 million tons. The objective of the 
programme is not primarily expansion of output by the 
installation of additional new units, but the attainment 
of higher efficiency and, therefore, productivity over a 
wide range of operations. While replacement of plant 
by new units inevitably raises production, the main 
increase in finished outputs will be in light and flat 
products where a rising national demand is expected. 

While Stage [V developments are a balanced scheme 
as a whole, many individual projects are involved, and it 
is essential that the bringing into production of the 
various units should be carefully phased. The initial 
part of the programme includes a new primary mill at 
Lackenby for the production of 22,500 tons of slabs and 
blooms per week from ingots of up to 20 tons in weight. 
At Lackenby will be built also a new high capacity 
universal plate mill to replace the existing universal 
plate mill at Redcar—the only one in the United 
Kingdom. Universal plate up to 42 in. wide has been a 
speciality of Dorman Long for more than forty years, and 
the new installation will give a major advance in the 
efficiency of production and allow for an increase in 
width and improved quality. 

A new wire rod mill of high capacity to roll coiled bar 
from } in. diameter down to 5 gauge will be constructed 
at Lackenby, and the existing rod, bar and narrow strip 
mill adjoining the Lackenby beam mill will be modified 


by the provision of additional cooling facilities and 
extra stands for the production of larger diameter bars 
(over 3 in. dia.) in coil and straight lengths. Present 
facilities for rolling narrow strip up to 12 in. wide at this 
mill will be retained, and provision will be made for 
pickling, oiling and cold rolling of this strip, thus taking 
the company’s products in this developing field to a more 
highly finished stage. To provide the increased billet 
requirements arising from the installation of the new 
rod mill, it is proposed to add to the semi-continuous 
billet facilities recently completed at Lackenby. 

A start will be made immediately on these earlier 
projects in the programme coupled with the necessary 
ancillary services. After completion there should be a 
steady build-up of rolling rate on these new units but 
full outputs will take some time to achieve. Projects in 
the Stage IV programme concerned with increasing iron 
and steel making capacity will be phased in later to 
coincide with this expansion of new mill requirements, as 
will other mill schemes necessary for efficient overall 
production in line with the objects of the Stage IV 
development programme. 

The Iron and Steel Board have approved in principle 
the general objectives of the Stage IV development 
programme and formally agreed the details of the 
projects to be implemented in the early phases costing 
approximately £24 million. 

The layout of the new slabbing mill and universal 
plate mill at Lackenby will be arranged for extension 
later into a medium width strip mill, possibly 48 in. wide. 
A combination mill for rolling universal plate and strip is 
technically attractive. In due course the company’s 
present mechanised production of sheets will need to be 
replaced and, therefore, the company intends as part of 
a Stage V major plant development to put forward 
proposals at the earliest appropriate date to proceed with 
the addition of hot strip finishing stands to the universal 
plate mill and appropriate cold rolling facilities. 


Ferroclad Bricks 


GENERAL Refractories, Ltd., the sole licensees for the 
manufacture and sale in Great Britain of metal-cased 
basic bricks produced under the Heuer patents and sold by 
them under the trade name Ferroclad, have decided that 
in view of the substantial increase in the demand for 
these bricks, especially in connection with the develop- 
ment of the all-basic furnace, it is in the national interest 
that these patents should be made available to other 
manufacturers. Accordingly, arrangements have now 
been made whereby Pickford Holland & Co., Ltd., will 
be entitled to manufacture metal-cased bricks under 
these processes and to market them under their own name 
of Metalclad. 
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Low Pressure Metallurgy 


Vacuum as an Inert Atmosphere 
By A. S. Darling, B.Sc.(Eng.), Ph.D., A.M.I.Mech.E. 


In the October, November and December, 1959, issues of MeTaLLuRGtA, there appeared 
an article by Dr. Darling entitled: “ Low Pressure Metallurgy—A General Survey.” 
The present article is the second under the same general heading, and the reference 
numbers follow on those in the earlier article. In dealing with the use of vacuum as an 
inert atmosphere, the author discusses such aspects as the gas tightness of a vacuum 
system ; contamination during vacuum melting of such metals as iron, nickel and 


Contamination during Vacuum Melting 


ETALLIC oxides are in general so stable that dis- 
M erciation pressures are well below the oxidising 

potential of the best attainable vacuum systems, as 
can be seen from Fig. 4. Many molten metals are capable 
of dissolving oxygen in atomic form at concentrations 
lower than those at which a discrete oxide phase can 
exist. Oxygen can only be removed from such solutions, 
which are thermodynamically more stable than the 
oxide, with the greatest difficulty. 

Normal vacuum melting practice does not usually 
permit the melt to come into equilibrium with the 
furnace atmosphere. Since oxygen in solution is 
uniformly distributed through the melt, oxygen con- 
centrations are frequently very much lower than would 
be suggested by the degree of vacuum. 


Oxidation of Nickel and Iron during Vacuum Melting 


Molten iron and nickel are both capable 
of dissolving considerable quantities of 
oxygen and this solubility increases with 
rise of temperature. Table Il summarises : 
the oxygen solubility and dissociation vad 
pressures of the saturated solutions over 
the relevant temperature ranges. The 
essential conclusions are that nickel, at a 
given temperature, is capable of dissolving 
approximately 4 times as much oxygen as 
iron and that the dissociation pressure 
of the saturated solutions of oxygen in 
nickel are greater by several orders of 
magnitude than those of iron. At 1,700° C. 
for example, the calculated dissociation 
pressure of a saturated solution of oxygen 
in equilibrium with nickel oxide is 2-3 mm. 
Hg. On thermodynamic grounds such a 
solution should decompose during normal 
vacuum melting processes, whereas the 
oxygen content of iron under similar 
conditions should increase considerably. 

The experimental verification of such 
predictions is complicated by factors such 1°” 
as differences in the initial carbon and 
oxygen contents of the metals investigated, 
and by varying degrees of metal ‘crucible 
reaction. Table III summarises some 
experimental data relating to nickel which 
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uranium ; and vacuum oxidation processes in the solid state. 


(Continued from page 142 of the October issue) 


TABLE Il.—-MAXIMUM SOLUBILITY OF OXYGEN IN IRON (*"") AND 
NICKEL (™*) AT TEMPERATURES FROM 1,450-1,750° C. 


Iron i Nickel 
| Dissociation i 
Temp. Max. Solubility (Wt. %) | 
©. - —————-—| of Saturated | (we ality of Saturated 
Chipman Gokeen | Solution | Solution 
(136) (137) (mm. Hg.) (mm. Hg.) 
1,450 | 0-28 2-1 10% 
1,500 | | o-4 5-4 10" 
1550 | O-190 1-9 10-* | 0-58 16 lO 
1,600 0-227 | 0-231 | 4-5 x 104 | 4-0 10" 
1600 0-278 1-0 | 1-15 0-96 
1,700 0-338 0-331 | 2-0 x 10% 1-59 | 2-3 
1,730 0-408 | 0-391 | 4-1 
These 


was published by Stauffer several years ago"™®. 
results confirm in a striking manner the square root 
dependence between solubility and pressure which exists 
in unsaturated solutions. This relationship appears to 
apply up to oxygen contents of 0-10°%, nitrogen contents 
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Fig. 4.—-Dissociation pressures of some metallic oxides. Oxygen 
pressure in mm. Hg. 
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TABLE U1. -GASEOUS CONTENT OP MOLTEN NIOKEL EXPOSED TO 
GAS AT VARIOUS PRESSURES FOR 10 MINUTES 
Percentage composition of starting miterial : oxygen,1 10°’; nitrogen, 1 10-°; 


hydrogen, 3 


Oxygen Oxygen Nitrogen Nitrogen Hydrogen Hydrogen 

Pressure in Nickel Preasure in Nickel | Pressure in Nickel 

rim. Hg.) (%) (rom. He.) (%) | (mm. Hg.) (%) 
o-oo] 1-5 lw? 27 1-3 le 2 7 ltr 
4-0 we 6-7 22 lo 
0-10 15-0 760 3-2 | 34 le 
of 3-0 10- 4°, and hydrogen contents of 34 « 10-5°,. 


The fact that such solubilities were attained within 10 
minutes indicates a rapid rate of diffusion in the liquid 
state. 

The results in Table III are inadequate, insofar as 
no reference is made to carbon content of the starting 
material. A recent paper of Pfeiffer™® is more explicit 
in this connection. This investigator studied the effect 
of differing vacuum melting conditions on the final 
gaseous and carbon contents of nickel and iron. The 
results demonstrated the ability of a small residual 
carbon content to maintain the final oxygen content 
at a value much lower than calculations based entirely 
upon vacuum conditions would predict. Table IV 
summarises data obtained on Armco iron having an 
initial carbon content of 0-06%,. 

The data indicate that in this instance the effect of 
degree of vacuum is negligible compared with the initial 
reducing effect of residual carbon. At 1,600°C., for 
example, with no carbon present, the melt might have 
been expected to come into equilibrium with an air 
pressure of 2-25 x 10-° mm. Hg by absorbing 0-227°%, 
of oxygen. Due to the carbon content, however, 
vacuum melting at 4 mm. Hg produced an oxygen 
content of only 0-03°%,. Pfeiffer’s results do not refer 
to the complicating effects of metal/crucible reactions 
which must undoubtedly have accounted for the vir- 
tually constant oxygen content in the iron under all 
vacuum melting conditions. 

Experiments with nickel gave similar results. 20 kg. 
charges were held at 1,500°C. for 15 minutes. The 
results obtained with Mond Nickel shot are summarised 
below in Table V. Considerable increases of oxygen 
content occurred during air melting and melting at 
4 mm. Hg pressure. The carbon content of the Mond 
Nickel shot was presumably not high enough to cope 
with this quantity of oxygen. The oxygen content 
even increased slightly above the initial value when the 
partial pressure of oxygen in the melting atmosphere 
was lower than the dissociation pressure of the saturated 
oxygen solution. Table II indicates that 0-4°%, of 
oxygen can be taken into solution in nickel at 1,500° C. 
The dissociation pressure of this saturated solution is 
5-4 = 10-2 mm. Hg of oxygen. Now a melting pressure 
of 5 « 10°? mm. of Hg corresponds to a partial pressure 
of oxygen of 1 10-2? mm. of Hg. Application of 
Sieverts square root law of solubility suggests that the 


rABL’ V.—GAS CONTENT OF MOND NICKEL SHOT AFTER VARIOUS 
rY PES OF TREATMENT 
| Oxygen Nitrogen Hydrogen 
| (%) (%) (%) 
Mond Nickel shot, as received—unoraded -00448 0005 00015 
Mond Nickel shot abraded to remove sur- 
face oxide films 00382 O-00053 | 
Open melt | 0-265 0-017 | 0000012 
Open melt . | 0-235 0-O147 O-000013 
Vacuum melted at 4 mm. Hg. 0-131 0-097 
Vacuum meited at 5 mm. Hg. 0-0077 
Vacuum melted at 5 10“ mm. Hg. 0058 0-00053 00006 


TABLE IV.—GAS CONTENT OF ARMOO IRON AFTER MELTING IN 
VARYING DEGREES OF VACUUM 
Oxygen | Nitrogen Hydrogen | Carbon 
(%) (%) (%) (%) 
As receivel .. O-O517 | 06-008 | 0-05-0-06 
Melted at 4 mm. Hg 06-0309 «| 06-0079 =| 0-00015 | 0-0082 
Meltei at 5 10-* mim. He. 00-0443 | 0067 | 00-0056 
Me‘ted at 5 10% mm. Hg. | 06-0455 0-0063 | 0-0064 
Melted at 5 x 10-*mm. Hg. | 0-0444 | 0-0071 0-005 


! | 


equilibrium solubility of oxygen in nickel at 1,500° C. 
under an air pressure of 5 =x 10-? mm. Hg should be 
0-17%. This value is approximately twice as high as 
that actually determined. The small increase in oxygen 
content over the initial value probably indicates a 
gradual tendency to increase in the direction of the 
equilibrium value. The same basis of calculation 
suggests that the equilibrium oxygen content in a 
vacuum of 5 x 10-* mm. Hg would be 0-017%. The 
actual oxygen content determined was 0-0058%— 
approximately one third of that predicted. The slight 
increase over the initial oxygen value probably indicates 
in this instance also a gradual tendency towards move- 
ment in the direction of equilibrium conditions. The 
nitrogen results are particularly interesting. Whereas 
the nitrogen content of the nickel decreases with 
melting pressure, pressure has little effect upon the 
nitrogen content of iron. Dilute solutions of nitrogen 
in iron are of course comparatively stable. 


Contamination of Pure Uranium during Vacuum Melting 


Uranium forms an oxide many times more stable than 
that of iron and the difficulties encountered during 
vacuum melting are considerably greater. There ap- 
pears, even in the liquid state, to be no range of oxygen 
solubility, with the result that tenacious oxide skins 
invariably cover the surface of melted metal particles 
and retard their agglomeration. Reliable density 
values for high purity uranium did not, in fact, become 
available until 1955, when details of a suitable melting 
process were published by Blumenthal'*! of the Argonne 
National Laboratory. 

The essential problem was to melt into massive form, 
without contamination, needle-like crystals of high 
purity uranium produced by a fused salt electrolytic 
process. Vacuum melting was found to be necessary 
for removal of the large quantities of gas dissolved in 
the crystals and for distillation of contaminants such 
as lithium and potassium. 

An interesting conclusion of this research was that a 
resistance furnace was better than induction heating 
for maintaining a high state of purity in the melt. This 
conclusion would undoubtedly apply to the melting 
of other metals where the maintenance of high purity 
is a primary requirement. The stirring action of the 
induced currents increased the rate of contamination 
of the melt from crucible, slag, and furnace atmosphere. 

The essential stages involved in the production of 
clean uranium ingots were as follows :— 

(1) Satisfactory preparation of crystals 

melting. 

(2) Rapid vacuum melting under a pressure at no 

stage exceeding 10-* mm. Hg. 

(3) Directional solidification. 


Surface preparation of the crystals involved prelimi- 
nary treatment with dilute nitric acid to remove oxide 


before 
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films, followed by several stages of washing, pickling, 
rewashing, and drying in absolute alcohol. The crystals 
were frequently dentritic in form and quantities of 
fused electrolyte were often trapped in small cavities. 
This electrolyte was richer in carbon than the crystals, 
which had a very low carbon content. For this reason 
the final analytical results showed a strong correlation 
between the carbon content of the ingots and the 
thoroughness of the washing treatment carried out on 
the crystals. The best results were achieved when the 
first washing, carried out in running tap water, was 
prolonged for 48 hours. 

The extent to which surface oxide had been removed 
by the acid treatment was revealed in a sensitive manner 
by the interference colours on the surface of the vacuum 
dried needles. A slight yellowish tinge was satisfactory, 
whereas a greenish yellow colour indicated an oxide skin 
heavy enough to interfere with the subsequent melting 
operation. 

Melting was carried out in urania crucibles. Molten 
uranium does not wet urania and appreciable reaction 
between the two materials does not occur at tempera- 
tures below 1,700°C. The urania crucibles lasted for 
four or five melts: a slight undercut which developed 
near the top of the melt eventually made it difficult to 
remove the solidified ingot. 

The crucible was suspended in a special cage at the 
centre of a vertical closed-end refractory (Mc.Danel) 
tube. This cage was manufactured from a specially 
prepared tantalum-tungsten alloy and was in turn 
suspended from a vertical alumina tube. Attachment 
between the alumina tube and metal cage was effected 
with a sapphire cotter pin. At no time did the metal 
cage come into contact with the refractory tube, which 
was evacuated at its upper end by a high speed pumping 
system, comprising a conventional diffusion, booster 
and forepump combination. 

During the earlier stages of the research, back strea- 
ming from the diffusion pump resulted in excessive 
carbon pick-up by the molten metal, and a tantulum 
cup completely surrounding the crucible was found to 
be necessary. In order to eliminate such contamination 
a high speed “ Chevron type” cold trap was evolved 
and fitted between furnace and diffusion pump. The 
effectiveness of this trap was demonstrated by subse- 
quent analysis of the experimental results, which 
showed no correlation between carbon content and the 
use of a tantalum protection shield. 

After assembly of charge, crucible and cage, the 
furnace was pumped down cold to a pressure of 5 
10-7 mm. Hg. A pressure maximum of | 10-+* mm. 
Hg which occurred during the initial heating period was 
attributable to gas release from the refractories. In 
order to avoid undue oxidation it was nec ssary to heat 
rapidly and reduce the time during which large areas of 
metal were exposed to oxidation. Slow heating did 
not produce satisfactory ingots. The individual par- 
ticles did not fuse effectively together due to stable oxide 
skins upon their surfaces. Satisfactory melting pro- 
cedure involved the heating of 300-800 g. of metal 
to 1,200° C. in 45-50 minutes. The metal was held 
at this temperature for 3 minutes, after which the 
crucible was lowered to the cold part of the furnace 
at a rate of 13 in. per hour. 

High purity uranium ingots produced in this manner 
contained 15 p.p.m. of carbon, 8 p.p.m. of oxygen and 
less than 10 p.p.m. of nitrogen. Spectrographic and 


November, 1960 


chemical analysis indicated that the metal was better 
than 99-993°%, pure. The density, determined by 
displacement in carbon tetrochloride, was 19-050 
0-002 g./cu. em. 

In spite of the precautions observed in this work the 
resultant ingots were not completely clean from the 
metallographic point of view. Numerous minute in- 
clusions, believed to be particles of residual fused salt 
electrolyte, could be observed in polished, unetched 
sections, and closer examination revealed the presence 
of a second phase. This phase appeared as an incom- 
plete eutectoid network which did not follow the 
boundaries of the alpha grains. 

The fused salt inclusions could be practically elimi- 
nated by liquation at 1,200° C. for 24 hours, but the 
eutectoid network was very much more stable. Its 
incidence was found to be minimised by the speed of 
melting and the precipitate was concluded to be caused 
by discrete particles of carbide, nitride and oxide. 
10 p.p.m. by weight of carbon are equivalent to 
291 p.p.m. by volume of uranium carbide, and similar 
ratios are applicable to the oxide and nitride. Metal. 
lographic examination revealed, therefore, very small 
quantities of such contamination. The precipitate 
could be taken into solution by quenching from 1,000° C. 
Subsequent ageing for long periods at 600°C. in the 
high alpha range caused reprecipitation. 

Such results emphasise the extremely low solubility 
of carbon, oxygen and nitrogen in pure uranium. 


Vacuum Oxidation Processes in the Solid State 


The best vacuum systems available are capable of 
producing pressures of the order of 10-'? — 10-“* atmo- 
spheres'*, The oxygen potential of such systems is 
higher than the dissociation pressure of chromic oxide, 
for example, which at 850°C. is only 10-*° mm. Hg. 
It is obvious therefore, that even under the best possible 
conditions, oxidation in vacuo cannot be prevented. 
The quality of the vacuum can only be assessed according 
to its ability to slow down the rate of oxidation. Oxida- 
tion in the solid state is perhaps of more importance 
than the solution of oxygen in liquid metal, since the 
conditions ensure the formation of surface layers of 
very high oxygen content. 

Numerous sintering and annealing processes are 
carried out in vacuo, and it is of interest to attempt 
some account of the relationship between vacuum 
quality and degree of gaseous contamination. One of 
the very early papers on the fabrication of titanium’ 
afforded a good illustration of the gaseous contamination 
which occurs, even under fairly good vacuum conditions. 
Hot and cold rolled titanium sheet was annealed in a 
vacuum of the order of 5 10+ mm. Hg. Minimum 
yield strength and hardness values were achieved by 
annealing between 700 and 900° C. Annealing temper- 
atures of 1,000-1,200° C, produced an increase in tensile 
strength and a corresponding decrease in elongation. 
Similar results were experienced during the powder 
metallurgy operations: compacts sintered above 1,000°C. 
were hard and difficult to work. 

The vacuum reactions of metals such as zirconium, 
titanium, niobium and tantalum are of general interest. 
All these metals form extensive solid solutions with 
oxygen, nitrogen and hydrogen. The oxides and 


nitrides of titanium and zirconium are particularly 
stable, while those of niobium and tantalum are less so, 
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of high vacuum furnaces in 1955". It had 
hitherto been usual in the Westinghouse 
Research Laboratories to assess the oxidising 
potential of a high vacuum furnace by heating a 
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Fig. 5.—-Weight changes observed during the heating of niobium 
C. in a vacuum better than 10° mm. 


between 300° and 1, 


Hg. (Gulbransen and Andrews.) 


thus permitting some degree of purification under high 
vacuum conditions. In view of the industrial impor- 
tance of such metals, numerous studies of the kinetics 
of their reactions with the gas phase have been under- 
taken, leading to a more complete understanding of 
their behaviour under high temperature conditions. 


Gulbransen and Andrew found the vacuum micro- 
balance a convenient tool for such kinetic studies'**™®. 
This type of equipment permitted the measurement of 
weight changes as small as 0-3 yg. The vacuum 
system was of Pyrex glass which was sealed directly 
to a double walled zircon furnace tube. The leak rate 
after overnight pumping at 900° C. was 5 x 10-* micron 
litres per hour. Residual pressures at 1,175° C. were 
better than 10-* mm. Hg. Even under such clean 
conditions contamination occurred when the metals 
were rapidly heated in vacuum. The formation of 
surface films on specimens at room temperature was 
minimised by carrying out the last stages of abrasion 
under purified kerosene. Fig. 5 illustrates the behaviour 
of niobium on heating between 300° and 1,000°C. in 
a vacuum better than 10-* mm. Hg. The weight 
change in micrograms is plotted against the time. 
During the initial period of the reaction, between 300 
and 464°C., gas was evolved, and the specimen lost 
weight. Above 464°C. a gain in weight was observed 
because of the gettering action. Gulbransen concluded 
that over this portion of the temperature range the 
surface of the specimen was probably film free and the 
reaction rate was not limited by surface barriers. 
Zirconium exhibited the same type of behaviour. The 
extent of the reaction with tantalum was considerably 
lower. It was concluded that heating to reaction 
temperature under the worst conditions of time and 
temperature produced on all four metals a surface film 
less than 50 Angstrém units thick. 


McMillan and Gulbransen described equipment and 
techniques for evaluating the contamination potential 
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small strip of metal and assessing the thickness 
and colour of the surface oxide films. Such 
methods were not completely adequate, because 
a minimum of several hundred Angstrém units 
of oxide was required before surface films became 
visible, and absolute pressure determinations 
were not a true indication of the reactive 
potential. In order to evolve a more quantitative 
approach to the problem, these investigators 
applied electron optical methods to study the 
oxidation reactions occurring in high vacuum. 
Previous to this, Bardolle and Bénard used 
optical microscopic methods for studying the 
oxidation of Armco iron in vacuums of the order 
of 10-* to 10? mm. Hg at 700—850° C.%° Under 
such conditions well oriented oxide nuclei could 
be detected. 


Tron 

Gulbransen’s studies demonstrated that elec- 
tron micrographic techniques enabled oxide 
films 10-25 Angstréms thick to be readily 
observed. With Puron and Armeo iron 
in high vacuum, the following reactions 
were found to occur: (1) the direct oxidation of iron 
to FeO; (2) the solution of oxygen as FeO in the 
metal; and (3) the reaction of carbon in the metal 
with either dissolved or combined oxygen to form carbon 
monoxide. Since the equilibrium ratio of H,O/H, 
over iron and iron oxide at 850° C. is 10-®!’ the reaction 
of water vapour with the metal to form FeO and hydro- 
gen was not observed. 

The experimental equipment employed had a limiting 
pressure of about 10-? mm. Hg at 800°C. A vacuum 
tight mullite ceramic tube was sealed to Pyrex glass 
tubing which permitted direct connection to the high 
speed mercury diffusion pumps. Dry ice, and liquid 
nitrogen traps prevented diffusion of mercury into the 
system. Three gauges were employed: a sensitive 
McLeod gauge permitted direct measurement of pres- 
sures down to 10-° mm. Hg; a cold cathode ionisation 
gauge of the Philips type operated from 0-7 mm. to 
10-7 mm. Hg; and a Bayard-Alpert gauge recorded 
pressures from 10-° to 10-* mm. Hg. At 800°C. a 
vacuum of 3 x 10-7 mm. Hg was observed on the 
Philips gauge. 

The equipment was designed so as to permit the 
admission of controlled quantities of highly purified 
oxygen or hydrogen. The specimens, supported on 
short sections of platinum wire, were moved in and out 
of the furnace magnetically. This permitted preliminary 
treatment of the specimens as a group or individual 
reaction without opening the system to the air. 

The Puron specimens contained 0-005°%, of carbon and 
0-04% of oxygen, no other impurities exceeding 
0-0015%,. The Armco iron was less pure: its carbon 
content was 0-015% and considerable quantities of 
sulphur, manganese, silicon and phosphorus were 
present. The oxide crystallites found under various 
experimental conditions were examined by optical and 
electron microscopy, and electron diffraction was used 
to study the crystal structure of the oxide film. 
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After up to 24 hours at 850° C.in a vacuum of 10-? mm. 
Hg, both the Armco and Puron specimens appeared 
perfectly bright. Electron micrographic examination 
disclosed that oxidation had occurred in both instances. 
A thin surface film was present together with small 
randomly distributed crystallites. The crystallites on 
Puron iron were approximately 0-4 microns across 
after 3 hours of heat treatment, while those on the 
Armco iron were approximately one-tenth this size. 
Differences in the total quantities of oxide present in 
each instance were accounted for by the greater carbon 
content of the Armco iron. 

The essential feature of the tests however was that at 
10-7 mm. Hg the oxide film was randomly oriented with 
respect to the surface and the oxide particles had no 
definite crystal habit. After oxidation at 10-5 mm. Hg, 
however, the crystal habit was more definite and the 
oxide film was definitely oriented with respect to the 
metal crystals. 

Further tests on Puron iron were made with a vacuum 
micro-balance. After prior heat treatment at pressures 
lower than 10-7 mm. Hg, specimens were reacted with 
small quantities of oxygen at low pressures. Oxidation 
was complete in one minute: after complete reaction 
with oxygen at 5 microns, the average film thickness 
was 453 Angstrém units. The electron diffraction 
pattern showed an oriented Fe,O, structure. 

Prior reduction treatment in hydrogen affected the 
subsequent formation of oxides in a pronounced manner. 
After reduction in normal unpurified hydrogen, speci- 
mens were reacted with oxygen at 1 micron. Both 
the crystallite habit and film orientation were then 
dependent upon underlying crystal orientation. This 
dependence was much less pronounced when the prior 
reaction was carried out with highly purified hydrogen. 

Experiments made with Armco iron confirmed the 
pronounced effect of small quantities of carbon upon 
the surface reactions. Micro-balance work showed 
weight losses when specimens were held in high vacuum. 
This was due to the reaction between carbon and surface 
oxygen leading to the evolution of carbon monoxide. 
The magnitude of this reaction appeared to depend 
upon crystal orientation. Whereas reaction with oxygen 
at pressures of the order of 1-5 microns left Puron with 
a coloured surface film. the small quantity of carbon 
in Armco iron was sufficient to ensure a metal surface 
which was almost bright. 

It was concluded that heat treatment in unpurified 
hydrogen aligned completely the defect structure of the 
metal which was responsible for oxide nucleation. 
This tendency was very much less pronounced when 
highly purified hydrogen was employed. Prior treat- 
ment in vacuum at low pressure induced no alignment 
of defects. The rate of oxidation appeared to vary 
proportionately with the oxygen pressure. Armco 
iron, oxidised at 2 microns increased in weight at a rate 
of approximately 1-1 10-* g./sq. cm./min. The cor- 
responding rate at 4 microns was 2:07 = 10-* g./sq. 
em. /min. 


Tungsten 

Hashimoto, Tanaka, Yoda and Araki'*' have recently 
commented on the formation of needle crystals of 
tungsten oxide at pressure of 7 x 10-* to4 = 10-* mm. 
Hg. Over the temperature range 700-1,000° C. needle- 
or rod-like crystals of several ten or hundred Angstréms 


November, 1960 


in thickness grew successively on the surface of tungsten 
wire. Electron diffraction studies indicated that the 
crystals were of y tungsten oxide having the formula 
of WO,.:.. The needle axes were parallel to the } axis 
of the monoclinic system. The electron diffraction 
pattern corresponded to photographs of single crystals 
oscillated up to 30° around the crystal axis. The 
evidence was interpreted as indicating that the needles 
consisted of a bundle structure of micro-crystalline 
needles, the orientations of which were distributed 
throughout a given angular range. This conclusion 
was confirmed by observation of the shape assumed by 
the needles after partial evaporation at about 1,100° C. 
at pressures varying from 3 x 10-* — 4 x 10-* mm. Hg. 

The crystal growth process observed during inter- 
mittent heating was particularly interesting. During 
the first heating cycle in the range 700-1,000° C. very 
thin crystals grew. The thickness of these crystals 
increased during the second heating; this thickening 
process being accompanied by the simultaneous growth 
of a new needle at the crystal tips. 
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New Liquid Helium Plant 


Brirarn’s first liquid helium plant to be run by an 
industrial organization started service recently at the 
Morden, Surrey, works of British Oxygen Research and 
Development, ' Ltd. The plant will produce sufficient 
liquid helium to meet all present demands from industry 
and research bodies in this country. The National 
Physical Laboratory, Teddington, which has run a plant 
for a number of years, is now gradually discontinuing 
production and handing over its customers to B.O.R.A.D. 
The only other sources of liquid helium in the U.K. are 
certain University laboratories, where low temperature 
research is carried out. 


Soaking Pits Contract 


TuE first multi-zone, fully air-circulated, radiant tube 
soaking pits in this country have been ordered from 
Stordy Engineering, Ltd., by James Booth Aluminium, 
Ltd., for installation in their Kitts Green Works, 


Birmingham, where they will be used in conjunction 
with the 148-inch, four-high, hot reversing mill. Each of 
the two pits, will have a capacity of 60 tons of aluminium 
and the working temperature will be up to 620°C. The 
fully air circulated design has been specially developed by 
the manufacturers, and the radiant heating tubes will 
be fired by Stordy-Hauck oil burners. 
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The Spanish 
Steel 
Industry 


A Recent National 
Financial Survey 


Summarised 


Part of the national plant at Avilés, seen from the air during construction. 


is that as far back as 1929 it had already achieved 

the remarkable output of one million tons per 
annum, but this notable achievement was followed by a 
catastrophic falling-off in demand, so that this volume 
of production was not again achieved until 1954. It 
would be easy to criticise the economic planning (or 
lack of it) which resulted in building up a yearly capacity 
of one million tons without a suspicion that a few years 
afterwards the demand would drop to 500,000 tons, 
thus rendering nugatory all the costly extensions under- 
taken. In this connection, however, it is only fair to 
consider the difficulties encountered in the supply of 
raw materials. In the case of scrap alone, for the peak 
year of 1929 some 560,000 /580,000 tons were used (of 
which 210,000 tons were imported) giving a scrap-steel 
relationship of 55,57%. In the period 1941-1945, the 
same plant, now a decade and a half older and conse- 
quently of diminished capacity, used only an average 
of 300,000 tons of scrap per annum, the average yearly 
imports being 15,000 tons, 


A difference amounting to nearly 200,000 tons in 
the amount of imported scrap would in itself account 


A‘ interesting feature of the Spanish steel industry 


FABLE RELATIONSHIP BETWEEN PRODUCTION OF STEEL AND 
PUTAL BELBCTRICAL ENERGY, CEMENT, AND SULPHURIC ACID IN 1955 


Kelationship between Steel and 
Total 
Electrical Sulplauiric 


nergy Cement Acid 
Work! 100 | 100 
Spain ; 67 25 | 17 
Kelgium and Luxemburg | | 151 | 14 
Austria. | 154 | | 
Poland .. .. 79 | 104 
Norway . é ‘ 12 | 16 2 
Denmark 28 15 280) 
Vinland .. Sl 15 1s 
rurkey 32 Is 13H 
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for a drop in steel to 650,000 tons, which was the average 
for five years; in fact, due to the recurrence of scrap 
in the production cycle (the first steel manufactured 
results in turn in fresh scrap from rolling and machining, 
and so on), | ton of scrap makes possible the productior 
of 5 tons of steel. 

With the stagnation of the thirties overcome, the 
industry produced in 1958 1-53 million tons, 50% in 
excess of the once-famous peak of 1929, this output 
being contributed by eight integrated plants, a further 
four working on coal, forty-one undertakings producing 
and rolling steel, and sixty-nine devoted entirely to 
the production of steel, usually by electric furnaces, 
for casting and forging. Of the first-mentioned eight 
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Graph showing Spanish steel production since 1900 
with projected production for 1960-65 
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plants, those of Altos Hornos in 
Bilbao and Sagunta, and the 
“mpresa Nacional Sidertirgea, in 
Avilés, are the most important. 

Many attempts have been made 
to estimate the future Spanish 
demand for steel. By the most 
usual method of evaluation— 
weight of steel consumed per head 
of the population—demand is low 
compared with other countries, 
the 1956 figures being Spain 50 kg.., 
Italy 120 kg., France 276 kg., 
Germany 417 kg., and United 
States 600 kg. It is considered 
that a better method of expressing 
consumption is in relation to the 
demand for other essential supplies, 
such as total electrical energy, 
cement and sulphuric acid, as 
shown in Table I. It will be seen, 
however, that by this method also 
the Spanish index is very low, even 
allowing for the fact that the figures 
in Table I require adjustment for 
external trade : Belgium, for in- 
stance, exports 70°, of her steel 
production. Probably the soundest comparison is with elec- 
tricity, on which basis it can be argued that in 1955 a 50°, 
greater production was necessary in order to establish an 
equilibrium. ‘lhe shortage compared with cement is also 
noteworthy, as also the close resemblance between the 
figures for Spain and Italy. Compared with electricity, 
which makes the least unfavourable showing, the esti- 
mated annual deficit since the Spanish civil war has been 
of the order of 150,000 tons, or 100.000 million pesetas 
which has failed to enter the Spanish economy during 
this period. The scrap necessary to prevent this 
deficit (assuming that this shortage was the only cause) 
would have had a value in the order of 1,800 million 
pesetas. 


Amongst the numerous forecasts of future demand 
which are available, the soundest appears to be that 
recently made by the commission set up by the Ministry 
of Industry to study the Spanish steel situation. This 
is based upon the relationship between the demand for 
electrical energy and for steel, and is one of the most 
moderate put forward. The conclusions of the com- 
mission in this respect are given in Table II. At the 
time the report was submitted, it appeared unlikely 
that the 2,374 million tons would be obtainable in 1960, 
but in 1962—a year which was the object of special 
study by the commission—it was estimated that there 
would be a probable production capacity of 3,990 
million tons for a probable demand of 2,620 millions 
if the new extensions under way are completed to time. 
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TABLE 


Demand 


Yew (thousands of tons) 
1960 2,374 
1961 2.494 
1962 2,526 
1963 2,751 
1964 
1965 3,033 
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Aerial view of the Baracaldo plant of Altos Horao de Vizcaya, S.A. 


In banking circles in Bilbao, however, it is considered 
that it will be one or two years later before equilibrium 
is established between demand and supply. 


To achieve the estimated productions, it is of course 
necessary that the essential raw materials should be 
available, and 1962 in this respect would present the 
following picture. There should be no difficulty in 
connection with ‘ore, of which considerable quantities 
are now being exported. It will be necessary to import 
coking coal to the extent of 850,000 tons per annum, 
but there should be no difficulties with other types of 
coal for metallurgical purposes, neither is it considered 
there should be any serious trouble with ferro-alloys 
which have been a problem in the past, although it will 
be necessary to import up to 80,000 tons of manganese. 
Scrap will also have to be imported to the extent of 
200,000 tons during the year 1962. To show the vital 
necessity of these imports, failing such supplies, steel 
production for the year in question can be only 1,330 
million tons instead of 2,620 millions. 


Many tendencies in the world steel situation will 
have an influence upon the type and volume of Spanish 
production, especially in connection with the more 
direct use of low-grade minerals, some of which are 
undoubtedly destined to produce steels with qualities 
equal to those based upon scrap. The use of the 
oxygen-blown converter is now normal, not merely due 
to its lower installation cost per ton of capacity, and 
plants of this type are being installed both by the 
Sociedad Altos Hornos and by the national undertaking 
in Avilés. 


In Spain, as elsewhere, there is an increasing demand 
for fine steels—today, approximately 7-10°%, of the total 
—which, however, presents no problem, as the Spanish 
plants for special steels already have, or could rapidly 
prepare, a capacity very much in excess of previous 
years when production was limited by the shortage of 
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ferro-alluys, the importing of which is now liberalised. 
A considerable advance in the production of flat products 
is forecast which is expected to reach 40°%, of the total 
rolled. This tendency corresponds with the substi- 
tution of cast steel in many applications; with the 
more general employment of welding which has con- 
siderably modified constructional design; with the use 
of special profiles obtained from flat products; and 


Preparation for 
Painting 


New Department for 
Shot-Blasting and Phosphate 
Treatment Begins 
Operation at Leyland 
Motors’ Farington Works 


with the increase in the manufacture of vehicles and 
domestic electrical articles. 

Increasing availability of supplies and the liberali- 
sation of trade will have a considerable influence upon 
the small incomplete cycle installations which have 
been put down in Spain in times of acute shortage, 
necessitating radical changes in policy and definite 
specialisation. 


In this general view of the new pretreatment department the 
Wheelabrator is seen on the left, the final rinse bath in the centre, 
and part of the continuous overhead conveyor on the right. 


NEW department which recently commenced 

operation at the Farington works of Leyland 

Motors, Ltd., will provide additional protection 
from corrosion on practically every bus and truck com- 
ponent. All cast iron and malleable cast iron components 
passing through the department will be shot-blasted, 
painted and force dried, whilst steel components such 
as cross-members, flitches, bumpers, etc., are to be 
treated by a phosphating process. Situated in an old 
part of the engine production plant and covering an 
area of 7,000 sq. ft., the new department has ample 
stillage space. 

Shot-blasting is carried out by a giant 4-table Wheela- 
brator, in which the abrasive is flung at the iron com- 
ponents by centrifugal force. ‘The components are 
placed on the revolving circular tables of the machine, 
the tables themselves being mounted on a revolving base 
which, when set in motion, carries the components behind 
a rubber curtain and through the shot chambers, 
returning full circle to the loading point. 

From the Wheelabrator, the iron components are 
placed on a continuous overhead conveyor, which carries 
them at 4 ft./min. past a water-wash paint-spray booth, 
and through a 15 ft. long infra-red stoving oven. They 
are sprayed with red oxide of iron zinc chromate primer 
conforming to DEF.1035B, and passed through the oven 
at a temperature of 450° F. 

Phosphating is carried out by the immersion method, 
making use of four baths arranged in horseshoe shape 
served by five 10-cwt. electric cranes on an overhead 
runway. The four baths are gas heated, and each has 
an effective compartment size of 12 ft. by 3 ft. by 3 ft. 


Steam is drawn off the tops of the baths by vents along- 
side and exhausted through a trunking arrangement with 
a 30 in. diameter multi-vane fan. 

‘Lhe steel components for phosphating are first de- 
greased in a tank which contains trichlorethylene vapour 
and then placed in a second bath, which contains a 
phosphating solution conforming to DEF.29. Indepen- 
dent of bulk, the components are immersed for 20 
minutes at a solution temperature of 210° F., and are 
given a rust inhibiting coat of iron phosphate. Next 
come rinses in the two final baths at a temperature of 
is0° F. After rinsing and drying, the components are 
transferred to the paint spray conveyor. 


Heavy Duty Roll Grinder 


A £41,000 extra heavy duty roll grinding machine has 
been ordered from Craven Brothers (Manchester), Ltd., 
by James Booth Aluminium, Ltd., for installation in 
their Kitts Green Works, Birmingham. The machine 
will be used—among other purposes—to grind the rolls 
of the company’s new 148 in. four-high hot aluminium 
rolling mill which is planned to be in operation during 
1961. It will accommodate rolls up to 62 in. diameter, 
26 ft. long and weighing up to 75 tons, and is designed 
both for rough grinding and for obtaining a first-class, 
ripple-free surface finish. A superfine in-feed of 0-0001 
in. per revolution of handwheel is provided. For grinding 
camber rolis—with either convex or concave surfaces— 
the grinding saddle of the machine is fitted with Craven 
cambering gear. Roll journals from 18 in. to 40 in. 
diameter can be accommodated. 
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The Corrosion Resistance of Cast 
Nickel-Molybdenum-Iron Alloys 


By G. N. Flint, D.F.C., B.Sc., A.R.I.C., A.I.M. * 


Under severely corrosive conditions it is sometimes necessary to use construct: nal materials 

having good mechanical properties and a high intrinsic corrosion resistance even in the 

absence of a protective film. Such materials include the nickel-molybdenum and nickel- 

molybdenum-iron alloys, a +d in the present article the author reports test results which 

show the effect of compositic a and heat treatment on their hardness and resistance to corrosion 
by strongly acid media. 


TABLE IL.—RESISTANCE OF 20% MOLYBDENUM-NICKEL-IRON ALLOYS 
TO CORROSION BY ACID SOLUTIONS 


ITH the growing complexity of chemical processes 
and the continued change from batch to con- — ENO . pootne 
tinuous operation, increasingly severe demands 
are made on materials employed in the construction of eT nee | 
chemical plant. Structural materials are frequently Composition | | 5% HOI 
%) at at 50°C, | P.M. 
required to withstand the effects not only of corrosive : soc. | 3-Day 1-Day | 
attack but also of abrasion. In many cases the tradi- | = Tee | Test 
tional materials employed by the chemical engineer, ————)—— —_|— 
such, for example, as lead or stainless steel, prove 
unsuitable, due to inadequate mechanical strength or | | 208 | 167 | 
because of the instability, in the more severe conditions, 6-01 | 0-14 | | 
0-02 | 0-22 21-3 282 2 2s 378 o2 72 os 
of surface films which, in less arduous service, would 6.09 | | 30-5. | 398 seo | | 140 
0-02 | O-19 | 20-0 | 24-7 291 228 | 410 727 5,110 | 159 | 140 
confer protection from corrosion. In these circumstances 3) | | | | | tee | 


it becomes necessary to use.materials which have good 
mechanical properties and a high intrinsic corrosion ; 
A—Heat treated for 5 hours at 1,180° C. and water-quenched. 
resistance even in the absence of a protective film. Among B—Further heat treated for 5 hours at 800° C, and air-cooled. 
the materials within this classification are the nickel- 
molybdenum-iron alloys which. even at high tempera- TABLE UL. RESISTANCE OF 25% MOLY BDENUM-NICKEL-IRON ALLOYS 
tures, are outstanding in their resistance to corrosion by 
hydrochloric, sulphuric and phosphoric acids. These 


alloys therefore find extensive use in critical applications 
such as pump and valve parts, heat exchangers, agitators Composition | WSO, | 5% HOL | Boiling | Hardness 
and thermocouple sheaths. This article reports tests wo. | | 
which demonstrate how composition and heat treatment | 3-Day Test | Test | 
can influence the hardness of cast nickel-molybdenum 
and nickel-molybendum-iron alloys and their resistance 
, i | 0-38 | 25-6 0-53 187 «146 — | 59 | 203 | 204 
to corrosion by strongly acid media. 0-01 | 0-43 | 26-1} 4-95) 209 | | — 53 73 | 203 | 245 
O-OL | 0-23 | 26-2 9-85 249 155 75 | 95 | 198 | 207 
Experimental Procedure 0-02 | 0-09 | 24-7 | 15-0 262 |163| — | 176] 933 | 180 | 171 
‘ O-OL | O-O3 | 24-2 | 19-8 275 | — S11 | 590 | 194) 187 
The alloys for test were melted in a high-frequency | 0-12, | 24:2 24-8 | — | 454 | 8,500 | 196 
. . 0-02 | 0-03 | 23-8 | 29-2 348 | 207 | — | 1,280 111,400 | 218 | 335 


furnace and cast in green-sand moulds as 5 in. x 14 in. | 
A—Heat treated for 5 hours at 1,180 ©. and water-quenched. 
B—Further heat treated for 5 hours at 800° C. and air-cooled, 


diameter bars, which were subsequently heated at 
1,180° C. for 5 hours and water-quenched in order to 
effects due to differences in rate of cooling TABLE IIL.—RESISTANCE OF 50% MOLYBDENUM-NICKEL-I RON ALLOYS 


from the casting temperature. The compositions of TO CORROSION BY ACLD SOLUTIONS 
most of the alloys are given in Tables I, Il and III, while 
molybdenum and iron contents of the remainder are | 
indicated in Figs. | and 2. A specimen of wrought nickel 10% Aerated | 
‘ it ix | 5° villi ‘ 
was included in some of the corrosion tests for reference | | | (DPN) 
purposes. The machined test specimens were 1} in. B28 -- Bee 
diameter < } in. thick, with a central suspension hole | ‘Dest | 
of jin. diameter. Some discs of the alloys containing c |mo| 
20%, or more moly bdenum were re heated at 800° Cc. nan | 
for a period of 5 hours and air-cooled, and in addition, | 0-25 | 30-8 | 5-24 53 | «(384 53 4 315 218 
« oan : “OL | 0-2 30-1 | 9-87 | 38 | 140 36 212 | 2 
two 30°, molybdenum alloys containing, respectively, | 0.37 | $01 | eal as 
0-76%, and iron, were re-heated at 700°C. for 9-0! | 0-27 | | ise | | | 388 | 370 
periods varying up to 300 hours. The hardness of the 0-01 | 0-25 31-0 | 27-9 | | 807 | 1,790 | 9,380 | | 366 
The Mond Nickel Co. Ltd, Development and Research Department,  ~ A—Heat trested for 8 hours at 1,180" 0. and water-quenched. 


Birmingham. B—Further heat treated for 5 hours at 800° C. and air-cooled. 
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Fig. 1.—-Resistance of nickel-molybdenum alloys 
corrosion by acids. 


to 


low-iron alloy was also determined after treatment at 
various temperatures between 675° C. and 860° C. 

Corrosion tests other than those in boiling liquids 
were made in a circular-path apparatus, which imparted 
a motion of 6-25 ft./min. to the specimens. Fourteen 
specimens were tested in a vessel containing 6 litres of 
solution, into which air or nitrogen was introduced 
through sintered-glass diffusers. Tests in boiling acids 
were made in flasks holding 800 ml. of solution, boiling 
under reflux: each flask contained two specimens. 
Rate of corrosion, determined by loss of weight of the 
specimen, is expressed as milligrams/square decimetre 
day (m.d.d.). A micro-examination was made of 
sections of the corroded alloys. 

The carbide present in an alloy containing 30-3°, 
molybdenum and 6-2% iron was extracted by anodic 
dissolution in a 5%, solution of hydrochloric acid in 
industrial spirits and identified by X-ray diffraction and 
chemical analysis (see Table IV). 

The potentials of the alloys, when corroding freely in 
unagitated 5%, hydrochloric acid at room temperature, 
were measured relative to a saturated calomel electrode, 
by means of a valve potentiometer. Anode-polarisation 
measurements were also made, on nickel and _nickel- 
molybdenum alloys, in an aerated 5°, hydrochloric acid 
solution at 30°C. Soldered connections were made to 
the specimen discs and insulated by means of a proprie- 
tary adhesive resin. The polarising current was supplied 
from a high-voltage source through a potential divider 
to a silver cathode of approximately the same surface 
area as the specimen anode, and was measured on a 


TABLE IV.—COMPOSITION OF CARBIDE AND OF ALLOY FROM WHICH IT 
WAS EXTRACTED 


Composition (%) 


Material 
0 | Si Fe | Ni | Mo 
—| 
Alloy 0-03 0-25 6-2 | Substantially} 30-3 
balance | 
Carbide 1-38 3-3 58-7 
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Fig. 2.—Resistance of nickel-molybdenum-iron alloys 
to corrosion by boiling 5°; hydrochloric acid. 


microammeter. The anode potential determined by 
means of a valve voltmeter, was measured relative to a 


saturated calomel electrode. 


Results of Tests 
Influence of Composition on Corrosion Resistance 


The results of the corrosion tests on nickel-molyb- 
denum alloys, recorded graphically in Figs. 1 and 3, 
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Fig. 3.—Resistance of nickel-molybdenum alloys to 
corrosion by boiling 10° hydrochloric acid. 
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Fig. 4._-Potentials of nickel-molybdenum alloys when 
corroding in aerated 5°, hydrochloric acid at 30°C. 


show that the addition of molybdenum to nickel brought 
about a marked improvement in resistance to corrosion 
by acid solutions. In the boiling and nitrogenated 
solutions the extent of the improvement progressively 
diminished with increase in molybdenum content, but 
in the aerated solutions there was little difference in the 
rates of corrosion of the 5, 10 and 15% molybdenum 
alloys. 

Fig. 2, showing corrosion rate against iron content, 
demonstrates that at all the molybdenum levels studied, 
iron up to about 10% can be tolerated with little loss of 
corrosion resistance. With higher iron content, corrosion 
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Fig. 5. Potentials of nickel- molybdenum -iron alloys when 
corroding in unagitated 5°, hydrochloric acid at 24° C. 


resistance was lowered—most seriously in the 30% 
molybdenum alloys. Similar results were obtained in 
boiling 10°, hydrochloric acid, aerated 5°, hydrochloric 
acid solutions and aerated 10°, sulphuric acid solution 
(Tables I, II and III). These results differ from those 
reported by B. E. Field, ** who found that at the 20% 
molybdenum level, alloys containing 10%, iron corroded 
at a faster rate than those of higher iron “contents, even 
up to 40°, iron. 


Potential Measurements 


The potentials of nickel-molybdenum alloys corroding 
freely in aerated 5°, hydrochloric acid at 30° C., and 
of nickel-molybdenum-iron alloys in unagitated 5% 
hydrochloric acid at 24° C., are shown in Figs. 4 and 5, 
respectively. With increasing molybdenum content the 
nickel-molybdenum alloys became appreciably more 
noble, but there is a step in the curve which shows a 
striking resemblance to that found in Fig. 1. The 
addition of iron to nickel-molybdenum alloys caused the 
potential to become less noble, and the higher the 
molybdenum content the more marked was this effect. 

Anode-polarisation measurements for nickel and nickel- 
molybdenum alloys are shown in Fig. 6. The out- 
standing feature of these curves is the high polarisation 
shown by the 5 and 10% molybdenum alloys; it was 
appreciably greater than that ‘exhibited by the higher 
molybdenum-nickel alloys which, in turn, polarised more 
readily than nickel. The tests were repeated several 
times, and although the actual potential values showed 
slight variation, the slopes of the curves remained 
substantially the same. 

On the basis of these results it is possible to suggest 
an explanation for the fact that in the aerated acid 
solutions at 50°C. the 10% and 15% molybdenum 
alloys corroded at about the same rate, whereas in 
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Fig. 7.—Diagram of hypothetical polarisation curves. 


unaerated (or boiling) solutions of hydrochloric acid 
there were usually appreciable differences in the rates 
of corrosion of these two alloys. If it is assumed that 
(a) the addition of molybdenum to nickel raises the 
potential of the unpolarised anode by an amount roughly 
proportional to the amount of molybdenum added, 
(6) in a given corrosive medium the cathode-polarisation 
curves are the same for all the materials, and (c) the 
anode-polarisation curves are closely similar for aerated 
and unaerated conditions, it is possible to construct a 
hypothetical potential / current diagram illustrating corro- 
sion under conditions of full or low aeration. Such a 
diagram is shown in Fig.7. The cathode-polarisation 
curves comprise a summation of the curves for the 
oxygen-absorption and hydrogen-evolution reactions at 
the cathode. The curve for the poorly aerated solution, 
necessarily steeper than that for the aerated solution, 
cuts the anode-polarisation curves for the 10 and 15%, 
molybdenum alloys before they have opportunity to 
meet or cross, but in the case of the less steep cathode- 
polarisation curve for the aerated solution this is not so : 
hence, the corrosion current intercepts for the 10°, and 
15% molybdenum alloys show little difference. 

The moderately high anode polarisation and nobility 
of the nickel-molybdenum alloys implies that they will 
suffer little acceleration of corrosion when in contact 
with more noble materials such as alloys of nickel- 
chromium, nickel-chromium-molybdenum and stainless 
steels when in the passive condition. 


Influence of Heat-Treatment on Microstructure, 
Corrosion- Resistance and Hardness 


In the condition obtained by quenching from 1,180° C., 
the cast nickel-molybdenum alloys containing less than 
about 15% molybdenum and 0-01%, carbon were single- 
phase in structure, but with increase in molybdenum or 
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Fig. 8.—-Structure of 30°, molybdenum, 6°, iron alloy, 
showing interdendritic dispersion of carbide. x 250 


carbon contents, carbide was observed in the interden- 
dritic regions. The microstructure of a 30° molybdenum, 
6% iron, 0-03°, carbon alloy is shown in Fig. 8. Precipi- 
tation of carbide was favoured also by increase in silicon 
or by addition of iron. X-ray and chemical analysis of 
the extracted carbide showed it to be of the M,C type, 
approximating in composition to », (Ni;Mo,C), but with 
insufficient carbon present to satisfy this formula fully : 
see Table IV. A carbide of similar structure and 
composition has been found to occur in wrought nickel- 
molybdenum-iron alloys.* 

Microexamination of corroded material indicated that 
the attack occurred preferentially in the regions surround- 
ing the carbide, due, no doubt, not only to the nobility 
of the carbide but also to the deficiency of molybdenum 
induced in these regions by precipitation of the molyb- 
denum-rich carbide. 

Heat treatment of low-iron 20°, molybdenum alloys 
for 5 hours at 800° C. had no effect on the microstructure, 
but when the iron content reached 10°%, a precipitate 
could be observed in the grain boundaries, and with 
larger percentages the amount increased, and spread to 
the interdendritic zones. The precipitate had no effect 
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Fig. 9.—-Nickel-molybdenum system (Ellinger*). 
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Fig. 10.—Effect of ageing at various temperatures on the 


hardness of an alloy containing 31°, molybdenum and 
0-76%, iron. 


on hardness (Table I), nor on susceptibility to inter- 
granular corrosion. 

At the 25% molybdenum level the 5-hour heat- 
treatment at 800° C. caused a slight precipitate to form 
at the grain boundaries which increased in quantity as 
the iron content of the alloys was raised to 15%, (Table IT). 

The precipitate caused some _ susceptibility to 
intergranular corrosion, but in the alloy of lowest iron 
content this effect was negligible. Alloys containing 
more than 15%, of iron showed precipitation within the 
grains, associated with deterioration in corrosion resis- 
tance. At levels of 25 and 30%, iron, precipitation was 
sufficiently extensive to cause a significant increase 
in hardness. 

The low-iron alloy was appreciably hardened by the 
heat treatment, and in this connection it is of interest 
to note, from the nickel-molybdenum equilibrium 
diagram (Fig. 9),* that at 800° C. a 25% molybdenum- 
nickel alloy is in the a + 8 field and, as will be shown 
later, it is the precipitation of 8 which brings about 
hardening. No increase in hardness was observed in 
alloys containing 10, 15 and 20% iro: suggesting that 
the addition of iron suppresses precipitation of the 
B phase. 

The heat treatment of alloys containing 30° molyb- 
denum and up to 10% iron for 5 hours at 800° C. resulted 
in no microstructural changes other than the formation 
of a fine grain boundary precipitate. Nevertheless, 
appreciable hardening of the low-iron alloy occurred, 
but this effect did not extend to the 5 and 10% iron 
alloys (Table III). In alloys containing iron contents 
of 15% and upwards extensive precipitation was observed 
within the grains as well as at the grain boundaries, 
with the result that hardness was increased and corrosion 
resistance was markedly impaired. 

The results of further experiments in which the low- 
iron alloy was aged at temperatures from 675° C. to 
860° C. (Fig. 10) clearly established that hardening 
was due primarily to the precipitation of 8 at tempera- 
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Fig. 11.--Effect of ageing at 700° C. on the hardness and 
corrosion resistance of 30°, molybdenum-nickel-iron 
alloys. 


tures below 840° C. and that precipitation of y, at higher 
temperatures, had very little influence on this property. 

Further attention was given to the two alloys con- 
taining, respectively, 31° molybdenum, 0-76°%, iron, 
0-38°%, silicon, 0-04°%, carbon, and 30-3°% molybdenum, 
6-2% iron, 0-25% silicon, 0-03%, carbon. These alloys 
were aged at 700°C. for periods up to 300 hours, and 
the effect of such treatments on hardness and corrosion 
resistance is detailed in Fig. 11, which shows that the 
alloy containing 0-76°%, iron not only hardened to a 
greater degree but that its corrosion resistance remained 
unaffected by the ageing treatment. The effect of iron 
in impairing the corrosion resistance of nickel-molyb- 
denum alloys and their response to thermal hardening 
has been noted by Hallet.® 

The microstructures of the two alloys after ageing 
for 300 hours at 700° C. are illustrated in Figs. 12, 13, 
14 and 15. The low-iron alloy (see Figs. 14 and 15) 
shows, within the dendrites, striations of the type which 
have been identified by Ellinger* as indicating the 
presence of 8. At the grain houndaries and in certain 
interdendritic regions, which, due to coring, would be of 
higher molybdenum content than the dendrites, more 
extensive precipitation, of a lamellar pattern, may be 
observed (Fig. 15). From the similarity of these lamellae 
to those found in photomicrographs shown by Ellinger, 
it is probable that they consist of the 8 and y phases. 
Despite the grain-boundary precipitation, there was no 
evidence of intergranular corrosion. 

The alloy of higher ircn content did not show any 
striations in the dendrites, but clusters of a lamellar 
precipitate were observed (see Figs. 12 and 13), and, 
from their similarity to the structures described by 
Ellinger* and by Stoffel and Stansbury,* they were 
tentatively identified as a + y lamellae. At positions 
where the clusters outcropped at the surface corrosion 
was severe (Fig. 12). Fig. 13 also shows faintly, in the 
matrix, a Widmanstatten precipitate similar to that 
observed by Stoffel and Stansbury as preceding formation 
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Fig. 12.—-Structure of 30°,, molybdenum, 6°, iron alloy aged at 700° C. for 300 hours, showing localised 


attack at outcrop of «a + y lamellae, after exposure to boiling 10°, hydrochloric acid for 8 days. 


Fig. 13.—As Fig. 12. 
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Fig. 14.—-Structure of 31°, molybdenum, 0-76°, iron alloy aged at 700 C. for 300 hours, showing 


precipitation of 8 + y at the grain boundary. 
Fig. 15.—As Fig. 14. 


of 8 + y lamellae in nickel-molybdenum alloys con- 
taining more than 29°, molybdenum. 

It may be deduced from these results that the addition 
of iron to nickel-molybdenum alloys suppresses precipi- 
tation of B and favours that of y; hence it impairs the 
hardening response of nickel-molybdenum-iron alloys 
on ageing. Further, since y is richer in molybdenum than 
is the matrix, precipitation of y is more likely to lower 
corrosion resistance, by molybdenum depletion of the 
matrix, than is precipitation of 8, which has approxi- 
mately the same molybdenum content as the matrix. 

Conclusions 

The investigation has shown that for most applications 
an alloy containing 26-30%, molybdenum, 4-7° iron, 
balance substantially nickel, i.e., the composition of a 
number of commercial alloys, has optimum corrosion 
resistance, associated with economy in production, 
resulting from the use of ferro-molybdenum. Subsequent 
experience has indicated that the alloy normally has 
equally satisfactory corrosion resistance in the as-cast 
condition as after the heat treatment at 1,180° C. for 
5 hours employed in the present tests. 

For applications which require resistance to both 
abrasion and corrosion, an alloy containing 30°, molyb- 
denum and less than 1% of iron would be preferred, 
since in the aged condition it has much greater hardness 
and better corrosion resistance. 
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Soviet Journal Translations 


A CONTRACT covering the translation into English of 
twenty-three major Soviet scientific journals, including 
Metallurgist, has been renewed for 1960 and 1961. The 
original arrangement between Mezhdunarodnaya Kniga 
(International Book Corporation), and Consultants 
Bureau Enterprises, Inc., a New York publishing house, 
was for the year 1958: it was renewed for one year in 
1959. Under the terms of the new two-year agreement, 
the Soviet agency facilitates advance receipt of Russian 
journals by Consultants Bureau, and is pledged to use all 
means at its disposal to prevent infringement of the 
exclusive translation rights by any third party. Original 
art work and photographs appearing in the Russian 
periodicals are also rushed to the New York publisher by 
airmail. In return for these important advantages, 
Consultants Bureau is making a “ reasonable royalty 
payment.” In addition, a special clause in the contract 
requires that Mezhdunarodnaya Kniga keep the publisher 
informed of any new scientific and technical journals to 
be published in the U.S.S.R. 
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Developments 
at Alcan’s 
Rogerstone Plant 


144 in. Wide Hot Mill 
is Main Feature 


HEN in September 1950 Alcan Industries, 
W Ltd. (then Northern Aluminium Co., Ltd.) 
opened its continuous strip mill at Rogerstone— 
the first of its kind in Europe—it was announced that 
provision had been made for considerable expansion 
should market conditions justify it. The ten years that 
have since elapsed have seen a large increase in the use of 
aluminium and its alloys—sometimes in directions other 
than those envisaged at the time. One of the features 
of this growth has been an increasing demand for plate, 
which has no doubt been encouraged by the develop- 
ment of easy, reliable welding processes. In the air- 
craft industry, the adoption of integral construction, in 
which an assembly of components is replaced by one 
component machined from plate, calls for plate free 
from internal defects and from residual stress. To meet 
these requirements, the company installed new plate 
handling facilities—commissioned in 1958—which in- 
cluded a 4,000 ton plate stretcher, a 50 ft. ultrasonic 
inspection tank, a heat treatment furnace, a high speed 
plate saw, and facilities for the longitudinal welding 
together of two plates. The necessity for the welding 
equipment arose from the fact that the shipbuilding 
industry, which uses large tonnages of aluminium for the 
superstructures of passenger vessels, required wider 
plate than could be produced in the existing 96 in. hot 
mill. This factor, perhaps more than any other, was 
responsible for the installation of the 144 in. hot mill as 
the principal feature of the four year expansion pro- 
gramme announced in 1958. 
The aim of this development is an increase in output 
to meet the growing needs of established markets and 
the provision of means of efficient production of com- 
modities for which a demand has more recently emerged. 
The scheme concentrates on improvements to the existing 
continuous strip mill, and covers the installation of new 
equipment, the modernisation of some existing equip- 
ment to increase operating speed and versatility, and at 
several points the relocation of plant to improve the 
flow in the mill. When the work is completed the 


November, 1960 


Rolling aluminium plate in the new 144 in. hot mill, the centre- 


piece of the Rogerstone expansion scheme. 


nominal output of sheet and strip will be raised from 
50,000 tons a year to 70,000 tons a year, plus a sub- 
stantial extra capacity for hot-rolled coil and plate. A 
greater proportion of the output will be of material made 
from the stronger alloys, and also of aluminium alloy 
plate, which will be available in substantially greater 
widths than hitherto. 

The expansion has been designed not only to make 
possible an increased volume of the products for which 
the mill was originally laid down ten years ago, but also 
to cater for the demand that has subsequently developed 
for the stronger alloys and for plate (material } in, thick 
or more). The continuous strip mill was originally 
designed to handle mainly commercially-pure aluminium 
(Noral 2S conforming to B.S. 1470: SLC) and the 1}%- 
manganese alloy Noral 3S (B.S. 1470: NS 3). For the 
efficient production of the stronger magnesium-bearing 
alloys in particular, which “ work-harden ” rapidly dur- 
ing rolling, it was necessary to introduce more powerful, 
as well as additional, equipment. The result is a much 
more versatil> and flexible production unit, well able to 
meet the diverse requirements of the increasing number 
of industries that use aluminium. 


Variety of Products 


The broadened range of products available from the 
new mill may be summarised briefly as follows :— 


Building Sheet.—This is available for roofing and 
cladding buildings in a range of profiles in the 1}% 
manganese alloy, Noral 38 (B.S. 1470: NS3), and is 
often given a “ stucco ”’ finish to reduce glare by rolling 
between embossed rolls. 


Container Sheet.—In the packaging industry, alumi- 
nium sheet is competing with tinplate in the maou- 
facture of rigid containers. The gauge ranges from 
0-008 in. to 0-018 in., and much of it is in the com- 
paratively hard 2°, manganese alloy, Noral M578 


(B.S. 1470: NS4). 
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Exterior and chimney of remelt fume-disposal unit. 


Foil Stock.—Foil was one of the earliest applications of 
aluminium in packaging, and in addition to the enormous 
quantities now used for this purpose, there are sub- 
stantial outlets for foil in thermal insulation and electric 
condensers. Alcan Industries do not make foil, but 
supply the foil producer with annealed coils of high- 
purity strip for converting into foil as thin as 0-0002 in. 
without blemish. 


Circles.—Circles for the manufacture of domestic 
holloware are usually supplied in the fully annealed 
condition, but an interesting Alcan development is the 
differentially annealed blank, in which the centre of the 
blank, which will not be subsequently formed, is hard, 
wheras the edges are soft to permit working. 


General Sheet Products.—The broadening of the range 
of alloys that the mill can efficiently handle means that 
sheet for innumerable applications will be produced, and 
in the choice of alloy and temper the producer's experi- 
ence may be of great value to the user. 


Plate.—Reference has already been made to the use of 
hot-rolled aluminium plate in the aircraft and ship- 
building industry, and as an illustration of the latter, 
the new ships Oriana and Canberra embody some 900 
tons of 44%, magnesium alloy plate, Noral D548 (B.S. 
1477: NP5/6). The ability of aluminium plate to with- 
stand rough usage has led to its use for dumper and 
tipper vehicles handling rock and ores; for railway 
mineral wagons; and for coal chutes; whilst its 
freedom from low-temperature embrittlement makes it 
the most suitable material for the bulk storage of 
liquefied gases. The new 144 in. mill brings a big advance 
in available plate size: from 72 in. to 134 in. in width, 
and up to 50 ft. long. The high speed plate saw referred 
to earlier makes possible the supply of plate with edges 
sawn straight to very close limits. 


PLANT DETAILS 


As mentioned earlier, the expansion at Rogerstone 
involves the installation of new equipment and the 
modernisation and reorganisation of existing plant. In 
the following description, particular attention will be 
paid to the new items and to the changes made in the 
original installation, an account of which appeared in 
Metallurgia, 1950, 42, 223. 


Melting and Casting 


Aluminium is imported from Canada, where Alcan 
Industries’ associate, Aluminum Company of Canada, 
extracts it from the ore. It arrives in the form of cast 
ingots, which after preliminary treatment are ready for 
rolling, and also as pig which requires remelting and 
alloying before it can be used in the mill. 

At the East Works—another part of the Rogerstone 
plant—imported pig is remelted and alloyed in large- 
capacity melting furnaces, the molten metal being 
poured into water-cooled semi-continuous casting units 
producing ingots for the mill. Another source of ingot for 
rolling is the swarf remelt department in which swarf and 
certain scrap returned from the fabricating processes are 
recovered by remelting and alloying as necessary. 

The swarf remelt department has been moved from its 
original position to make room for the entry tables of the 
new 144 in. mill. Of the four furnaces in the original 
installation only two have been retained. These are of 
the Birlee low-frequency, vertical-channel induction 
type, with a melting capacity increased from 7,500 Ib. to 
10,000 Ib., of which 7,400 Ib. is now available for take-off. 
The rating has been changed from 500 kW. single-coil 
inductors to 200 kW. twin-coil inductors to deal with the 
increased load. 

The melted charge can be syphoned into two holding 
furnaces, designed by Alcan Industries and heated by 
nickel-chromium-iron elements suspended in the roof, the 
maximum load being 165 kW. The capacity of the 
hearth has been increased from 7,400 lb. to give an off- 
take of 11,500 lb. 

In front of and between the holding furnaces is a 
modernised semi-continuous casting unit which can be 
fed from either furnace through a two-branch launder. 
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This, too, has been subject to modifications involving 
increasing the maximum drop from 9,000 Ib. to 10,000 
lb. ; introducing controls covering mould cooling and 
quench water; and installing metal-flow temperature 
indicators, displayed with a visible ram speed indicator. 
Provision has also been made to increase the cast length 
from 120 in. to 150 in. at a later date. A separate high- 
speed pump for the ram return system has been included 
and, as before, the unit will cast two ingots simul- 
taneously. 

Re-siting this plant has provided an opportunity of 
installing an improved system of cleaning and removing 
the fumes that rise both from the furnaces and from the 
dross that is skimmed off the melt. The former largely 
arise from the cutting oil on the swarf and scrap, and are 
dealt with by plant largely designed by the company, 
with assistance in installation and construction from 
Thermix Industries, Ltd. The impure air is fan extracted 
via hoods above the furnaces and washed by water spray, 
the sludge being clarified and filtered by a Phillips con- 
tinuously moving paper-belt filter. The high tempera- 
ture and corrosive nature of the fumes from the dross 
prevent the use of conventional extraction equipment. 
Prat-Daniels (Stroud), Ltd., installed the extraction and 
cleaning equipment which was designed in conjunction 
with Alcan Industries, Ltd. The stack, internally 
insulated to overcome the problem of corrosion, is in the 
form of a venturi and is situated above the dross pot. 
The fumes are drawn up the stack by means of air driven 
through a pipe terminating just below the venturi, and 
are washed at the top of the stack by a water spray, the 
sludge being treated in a clarifier and a Phillips con- 
tinuous filtration machine. The cleaned air leaves the 
stack at 3,000 ft. /min. 

When the new scheme is completed, there will be 
available an entirely new remelt department, situated 
on ground reclaimed by diverting the River Ebbw, with 
facilities for casting ingots up to 8 tons in weight—still 
supplementary to those imported from Canada. This 
will form the nucleus of a remelt department that will 
serve the mill to its ultimate capacity. 


Preheating for Rolling 


Before preheating, surface roughness and defects are 
removed in a special scalping (milling) machine which 
can deal with both faces of a 4,000 Ib. ingot in less than 
5 minutes. Modifications are in hand to deal with larger 
ingots and increased production. 

After scalping, the ingots are preheated to induce 
plasticity prior to hot rolling. The four tunnel-type 
preheating furnaces supplying the existing hot line were 
unable to deal with the increased size of ingot and 
volume of production. The required additional capacity 
has been provided by augmenting the present furnaces 
by a new bay having four Swindell-Dressler pit-type 
furnaces, which is designed as the first stage of a pre- 
heat department capable of supplying the needs of the 
continuous strip mill to its ultimate development. 

Of the four existing tunnel-type furnaces, two are gas 
fired and two are electrically heated. The new furnaces, 
which have been adopted primarily for flexible and 
economical operation, are indirectly heated by passing 
air over banks of oil-fired radiant tubes, so that the ingots 
are protected from the products of combustion. The air 
is drawn over the radiant tube bank and discharged into 
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Ingots being placed in pit-type preheat furnace. 


plenum chambers at the base of each furnace pit. It then 
passes up through the load, which is supported by a 
grill at floor level, and is recirculated. The furnace is 
constructed of mild steel plate lined with firebrick and 
hot-face insulating brick, the inside dimensions being 
14 ft. wide x 12 ft. long x 14 ft. deep. 

The operational range of the furnaces is up to 600° C. 
(preheating temperatures for aluminium alloys range 
from 480° C. to 600° C.) and the basic performance of a 
hot furnace is to bring a full load of cold ingots to 600° C. 
in approximately 8 hours at a heating rate of 17 x 10* 
B.Th.U./hr. The 2,352 cu. ft. capacity of the furnace 
can take, for example, a full charge of twenty-two ingots 
13 in. x 48 in. x 120 in. standing on end and weighing in 
all 75 tons. The annual capacity of these furnaces is 
30,000 finished tons, thus bringing the total ingot pre- 
heating capacity to 75,000 finished tons. 

The furnace lid is in one piece, constructed of stainless 
steel panels with glass-wool insulation, and is sealed by 
asbestos strip. A steel-framed cover lifter of 10 tons 
capacity, made by Fred Gilbert (Cardiff), Ltd., is mounted 
on rails on the top of the furnaces. A most important 
factor in planning the handling operation in this bay was 
the need to keep to a minimum the time in which the 
preheating furnaces remain open, and to this end high 
operating speeds were required. An ingot handling 
crane, designed and installed by J. H. Carruthers & Co., 
Ltd., of Glasgow, deals with this problem satisfactorily. 
The crane is operated by armchair Igranic control from an 
underslung, insulated and air-conditioned cabin, giving 
the operator a direct view into the furnace. The main 
hoist, which is in the form of rotatable tongs with an 
opening range of 2 ft. 6 in. to 7 ft., has a maximum lift 
capacity of 8 tons. 

It is expected that the preheating capacity will 
eventually be increased considerably, at which time an 
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ingot buggy will be provided to deliver the hot ingots to 
the feed table. Under the present expansion scheme, the 
preheat and rolling capacity is such that the ingot 
handling crane can both load the furnaces and transfer 
the preheated ingots to the feed tables of the mill. 


Hot Rolling 


The layout for hot rolling consists of a 144 in. four- 
high mill (which can be used either as the breaking-down 
mill for the hot line, or on its own for rolling wide plate), 
a 96 in. two-high mill (which can serve the hot line either 
as a breaking down mill or as an intermediate roughing 
mill) and three 88 in. four-high hot-finishing mills work- 
ing together as a three-stand mill in tandem. / On 
emerging from the last stand, the strip passes through an 
edge trimmer and immediately to a down-coiler. “The 
original layout in 1950 consisted of the 96 in, mill, 
followed by an 84 in. two-high roughing mill (which is to 
be removed) and two 88 in. hot-finishing mills in tandem 
(to which a third has been added under the new scheme). 


All roller tables up to the approach tables of the 96 in. 
mill have been supplied by Davy and United Engineering 
Co., Ltd. The 85 ft. length from the preheat bay to’the 
ingoing table of the 144 in. mill comprises thirty-one 
diabolo-type forged steel rollers in En 8 driven through 
shafts and bevel gears by A.E.I. mill-type motors. 


The main entry table is a turning table and is 24 ft. 
long and 18 ft. wide; it is formed by fourteen split 
conical cast iron rollers and each side of the table is 
driven by a single 75/150 h.p. A.E.I. mill-type motor 
through line shaft and bevel gearing. Hydraulically 
operated guides, actuated by a synchronised rack and 
pinion, are positioned on each side of the table. Once the 
ingot has been centred, an 8 in. short stroke can be 
employed which will speed up passes and ensure that 
when very long slabs are rolled, deviation from the centre 
on the ingoing side is kept to a minimum. Faces of the 
guides are fitted with rollers. 


The feed table is a separate unit. The four En.8 
forged-steel split-conical rollers are each 4} ft. long (10 ft. 
wide overall) and are mounted in a frame 14 ft. wide. 
The rollers are driven through closed spur and idler 
gears by a 13 h.p. A.E.I. mill-type motor. The table is 
mounted on an eccentric shaft which is used to adjust the 
table to the pass line level after roll grinding. It can also 
be pivoted on the driven roll, which is the outermost, and 
raised to an angle of 53° by a hydraulic pusher situated 
in the underframe. When the mill rolls are being changed 
the table is latched in the raised position to get the 
strippers on the front of it clear of the roll chocks. 


144 1x. Hor 


The major item installed in the expansion programme 
is a 38 in. and 60 in. 144 in. four-high, reversing, hot 
mill which has been built and installed by Davy and 
United Engineering Co., Ltd. It is designed to roll 
ingots 16 in. x 80 in. 138 in. weighing up to 17,600 Ib. 
The maximum roll opening, however, is 25 in., so that 
ingots up to that thickness can be rolled in special cases 
as long as they do not exceed the maximum table loading. 
The normal duty is either to roll slab 1} in. thick for 
further reduction on the hot line or, alternatively, 
finished plate down to a minimum thickness of } in. and 
up to a maximum width from the mill of 134 in. The 
rolling speed is 298/596 ft./min. 


The 144 in. mill is positioned at the head of the hot line 
in a new bay set at right angles to the original buildings. 
This bay also houses the new roll grinding equipment and 
the brick-enclosed 144 in. mill motor room, which is 
isolated from the main area. 


Housings and Screwdown 


The 144 in. mill housings, cast by English Steel 
Corporation, Ltd., each have a finished weight of 163 
tons and measure 33 ft. 15 ft. wide overall. The mean 
cross-sectional area of each post is 1,420 sq. in. 


The screwdown system has two speeds; the faster, 
25/50 in./min., is used for normal operations, whilst a 
speed of 4/1 in./min. is used for screwdown adjustment 
whilst under load. This second speed will be used in 
conjunction with a gamma-ray thickness gauge and can 
at a later date be used with automatic gauge control. 
Two 200/400 h.p. A.E.I. mill-type motors, mounted on a 
platform 19 ft. above floor level, drive the screws 
through a 30 in. Igranic multiple plate clutch and an 
electrically-operated gear box. 

The 20-in. diameter screwdown posts, made of forged 
steel, have a 1 in. pitch buttress thread fitted in high- 
tensile bronze boxes set in the housings. The posts act 
on loadmeters on the top back-up roll chocks, and loads 
are recorded in the control cabin, from which each 
serew can be separately operated. A selsyn unit records 
gap measurement, and limit switches prevent inadvertent 
over-running. 


Mill Rolls 

The 38 in. diameter work rolls, which each weigh 27 
tons, were supplied by William Beardmore & Co., Ltd., 
and Thomas Firth & John Brown, Ltd. They are made 
of forged alloy steel, 65°/70° Shore hardness. The 
minimum diameter to which they may be ground, with- 
out affecting the face hardness, is 353 in. The rolls are 
carried in double-row cylindrical and spherical thrust 
bearings made by the Skefco Ball Bearing Co., Ltd., and 
are held in cast steel (Grade B) chocks. The lower work- 
roll chocks are fitted with hydraulic balancing pushers, 
operating off the top work roll chocks at | ton/sq. in. 


The 60 in. back-up rolls each weigh 68 tons, and were 
supplied by United Engineering Foundry, Ltd., U.S.A., 
and by William Beardmore & Co., Ltd. The rolls made 
by United Engineering are of special alloy, 45°/50 
Shore hardness, whilst those supplied by William Beard- 
more have a composite construction, a forged sleeve (of 
50° /55° Shore hardness) on a cast arbor. These rolls may 
be ground to a minimum diameter of 57 in. without 
affecting hardness. The roll necks are tapered 1 in 30, 
and support multi-row Skefco cylindrical and thrust 
bearings. The top back-up roll chock is latched to a 
yoke connected by hangers to a forged steel crosshead, 
which is in turn fixed to a 30 in. diameter balancing 


cylinder working at 2 tons/sq. in. This cylinder is 
fitted in the centre of the top housing separator. 


Drive 

The work rolls are driven at between 30 and 60 r.p.m. 
298 /596 ft./min. strip speed) by two direct-coupled, 
4,000 h.p., single-armature D.C. motors supplied by 
Associated Electrical Industries, Ltd. A “ top forward ” 
arrangement is used in which the top work roll is driven 


METALLURGIA 


Main drive motors, each of 4,000 h.p., which are coupled to the 


work rolls of the 144 in. mill. 


by the front motor. The rear motor, which is coupled to 
a jackshaft carried under the front motor, drives the 
bottom work roll. The arrangement offers easier access 
for maintenance on the front motor than is possible in the 
conventional installation of mill drives. The motors are 
coupled to the work rolls by 39 ft. long forged steel 
spindles with universal couplings at each end. The top 
spindle is supported by a carrier bearing mounted in steel 
beams, pivoted and balanced at the motor end, and 
hydraulically balanced at the mill end. The lower 
spindle, between the jack shaft and the bottom work roll, 
is set in spring balanced carrier bearings at the motor end, 
and is hydraulically balanced at the mill. 


Roll Coolant System 

The roll coolant (“ soluble oil ”’) system has a 34,000 
gal. main storage tank from which it is supplied by four 
1,000 gal./min. centrifugal Pulsometer pumps at 120 
Ib./sq. in. The Pulsometer pumps are assisted by a 
250 gal. /min. automatic pressure-booster pump. 

The coolant is pumped through a 16 in. Plenty duplex 
strainer to a battery of three automatic Auto-Klean 
strainers operating on a differential pressure switch each 
capable of passing 1,000 gal. /min. and filtering particles 
down to 0-006 in. A Kent combined pressure flow 
indicator, with flow recorder, is placed in the line and 
leads to a British Arca control set, remotely operated 
from the desk in the 144 in. mill control cabin. The con- 
trol set can isolate the supply whilst leaving the pumps in 
operation. 

The coolant sprays are operated from the control desk 
through special Saunders diaphragm control valves, of 
which 122 are installed at the mill. 6,000 ft. of 2 in. o.d. 
nylon tube is used between the control desk and the 
sprays, which permit a maximum flow at the mill of 
3,000 gal./min. The coolant, having passed through the 
sprays, falls to a catch tray under the mill, where it is 
drained to a 20,000 gal. collecting tank in the oil cellar. 
Three 15,000 gal./min. 10 ft. head Pulsometer vertical 
spindle return pumps are provided in this tank for 
returning the coolant through the cooling tower to the 
main 34,000 gal. delivery tank in the pumphouse. 
These pumps are float-controlled, and are fitted with a 
high-level alarm which can automatically cut-out the 
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View of the 144 in. mill showing manipulator guides, 
roll cooling sprays and fume exhaust systems. 


main delivery pumps. The booster pump is left running 
to permit a flow of oil over the mill in case rolling is in 
operation. 

A bank of five electric heaters, which will warm the 
soluble oil to working temperatures of up to 150° F., is 
installed in the roll coolant system. This is necessary in 
order to warm the rolls before rolling, and to help to 
ensure the rolled aluminium does not cool too quickly. 
The temperature of the soluble oil can be altered to suit 
the alloy being processed at the time. A reinforced- 
concrete cooling tower of 1,500 gal./min. capacity, 
constructed by the Davenport Engineering Co., has been 
installed to dissipate excess heat gained when rolling. 


Fume Extraction 

The fume exhaust system was made and installed by 
the Visco Engineering Co., Ltd., and has a capacity of 
70,000 cu. ft./min. Fabricated aluminium hoods are 
fitted on either side of the mill stand and are connected 
by aluminium ducting to a large Aerofoil centrifugal 
extractor fan made by Keith Blackman, Ltd. This 
65 in. diameter fan is driven by a 100 h.p. motor and will 
absorb 92 b.h.p. at 800 r.p.m., a speed that gives the 
system a rating of 6 in. water gauge. An oil eliminator is 
provided to separate and recover the coolant from the 
exhaust gases. It is then returned to the soluble oil 
system. The ventilation system in the mill oil cellar has 
a capacity of 6,000 cu. ft./min., and is capable of provid- 
ing six air changes per hour. 


Roll Change 
The roll chock assembly, which is mounted on a sledge, 
lies on the bottom housing separator. All four rolls, or 
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the bottom back-up and two work rolls only, can be 
withdrawn sideways from the mill on the sledge, which is 
connected to a rack beam running through a totally 
enclosed double reduction worm and worm wheel gear- 


box driven by a 75 h.p. motor. The exposed rolls, with 
the bearing chocks supported on stools, are removed by a 
125 ton E.O.T. crane to the roll-grinding machine, 
situated in the same bay. 


(to be continued) 


Vacuum Annealing Copper Wire 


BELL furnace installation for the vacuum annealing 
A of copper wire, the first British made installation 
of its kind, has recently been put into operation in 

the Hazelhurst Works, of F. D. Sims, Ltd., at Rams- 
bottom in Lancashire. The plant was designed and 
supplied by the Electric Resistance Furnace Co., Ltd.., 
and uses an Efco bell furnace, transported by an 
electric travelling crane to serve six bases where the 
copper wire, in coil or wound on reels, is heated in 
vacuum-tight containers. The bases accommodate a 
stack of wire up to 3 ft. diameter by 4 ft. high, the actual 
weight of a charge depending upon the size of coils or 
reels being processed, the maximum weight being about 
3,500 Ib. The wire is normally heated for 4 hours and 
then left to cool for from 12 to 20 hours before being 
exposed to atmosphere. The installation is designed to 
anneal 34 tons of wire in a working week of 120 hours. 
In the short time that has elapsed since the commis- 
sioning of the plant excellent results have been achieved. 
The wire is fully annealed, and it is maintained in a clean 
and bright condition with complete freedom from stick- 
ing between turns. Whilst the plant and its method of 


operation are similar to many controlled atmosphere 
bright annealing installations, the use of vacuum is much 


more economical when compared with the costs of 
installing and operating a controlled atmosphere 
generator. 


Lowering a self-sealing hood over a charge of copper wire. 


The furnace bell is rated at 85 kW. and can operate at 
temperatures up to 550°C. It has a cylindrical casing 
of mild steel plate, containing adequate heat insulation 
with a refractory lining, and being designed to minimise 
the stressing of the refractory by the repeated raising and 
setting down of the furnace. The bell is heated by coils 
of nickel-chromium wire supported around the circum- 
ference of the chamber on sillimanite tubes and arranged 
in three zones, the temperatures of which are indepen- 
dently controlled with automatic indicating instruments. 
The furnace is accurately positioned over a base by guide 
posts and the electrical connections are made 
automatically. 

The six bases, which are arranged in a shallow pit to 
allow sufficient headroom, all have a vacuum-tight steel 
casing, filled with heat insulation, and carrying on the 
top a steel charge stand designed to position the charge 
well into the hot zone of the furnace chamber. The 
vacuum containers are of plain cylindrical shape with 
welded, dished tops carrying a single lifting lug. At the 
bottom of the containers there is a heavy sealing ring 
having a machined surface which engages with a water- 
cooled rubber seating surrounding the hearths. 

The operating vacuum is obtained with Speedivac 
pumping gear supplied by Edwards High Vacuum, Ltd. 
For the initial purging of a container an air-ballasted 
roughing pump with an air displacement of 15 cu. ft. 
a minute is used. The process pump has a displacement 
of 30 cu. ft. a minute. Either pump can be connected 
through vacuum valves to any one of the bases. 

The installation is easily managed by a single operator 
who stacks the charges on the carriers, places the carriers 
on the bases below the self-sealing vacuum containers, 
operates the vacuum pumping equipment and moves the 
furnace. Throughout the heating period the charges and 
the furnace bell are protected from overheating by a 
safety device which gives an aural alarm and removes the 
supply of the furnace elements. 


Mond Labelling Scheme Progress 


Many of the more important out-platers in this country 
have joined the Mond Labelling Scheme and will supply 
manufacturers with certified work chromium plated to 
the requisite grade of the British Standard 1224 : 59. 
The labelling scheme commenced ten months ago with 
the object of raising the standard of chromium plating 
by ensuring that the correct thickness of protective nickel 
is included in the plating. Out-platers were invited to 
join the scheme, whereby a label will tell the public that 
the article has been plated to the British Standard. To 
date, some fifty of the foremost out-platers are partici- 
pating so that manufacturers can use the labels, which 
are supplied at cost by The Mond Nickel Co., Ltd. 
Goods bearing the labels are now becoming available to 
the public, enabling purchasers to check that the 
chromium plating is of high quality. 
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Investigations on “Active Iron” 


Part I].—Techniques Used in Studying Reactivity 
By G. V. L. N. Murty, D.Sc., F.R.L.C. and T. R. Ramaswami, M.A., A.R.I.C. 


Chemical Laboratories, The Tata Iron and Steel Co., Ltd., Jamshedpur, India. 


An apparatus in which active iron, in the form of a deposit on a metal foil, can be made 
to react with water or a solution of sodium citrate and the evolved gases accurately measured 
at atmospheric pressure over water has been designed. 


An elegant and rapid dichromate 


method for the volumetric estimation of iron in the presence of a large excess of sodium 
citrate is described. 


S indicated in the concluding sections of Part I' of 
this series, systematic investigations regarding the 
reactivity of the active form of iron involved 

modifications of the experimental techniques for the 
measurement of the hydrogen evolved under different 
conditions and devising new and rapid methods of 
estimation of iron in the presence of a large excess of 
sodium citrate. 


Measurement of Hydrogen 


Active iron, usually obtained as a deposit on a suitable 
base metal foil, had to be studied as such, due to the 
rapid oxidation and consequent loss of activity on 
exposure to air and moisture. The apparatus shown in 
Fig. 1 was specially designed to handle strips 4 « 8 cm., 
the reaction being carried out under water or sodium 


(1) WATER BATH. 
(2) PORCELAIN DISH. | 
(3) REACTION BULB. 
} 
| 


(4) THREE-WAY STOP-COCK. 

(5) GRADUATED BURETTE. 

(6) TWO-WAY STOP-COCK. 

(7) BULB TO INCREASE CAPACITY OF BURETTE. 
(8) WATER JACKET. 

(9) LEVELLING BOTTLE CONNECTED TO (4). 


Fig. 1.—Gas measuring burette. 
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citrate, and the evolved gases collected over water and 
measured at atmospheric pressure. 

It consists of reaction bulb (3) fitted with a three-way 
stop cock (4), a graduated burette (5) of 50 ml. capacity 
carrying a bulb (7) of known volume and a two-way 
stop-cock (6). The burette and bulb are enclosed in a 
water jacket (8) to maintain constant temperature. The 
straight wide bore of the three-way stop-cock (4) connects 
the reaction bulb and the burette, while the right angle 
path can be made to connect the burette with the 
levelling bottle (9) by means of a long rubber tubing. 
The reaction bulb rests in a 20 cm. diameter porcelain 
dish (2), and this in turn is placed on a water bath (1). 
The apparatus is completely filled with water through 
the levelling bottle by manipulating the stop-cocks (4) 
and (6) and maintaining a water seal in the porcelain 
dish (2). If the reaction has to be carried out with 
sodium citrate, the calculated quantity of this reagent is 
taken in the dish, instead of water, to give the desired 
concentration when the bulb is filled completely with 
water. The strip carrying the active iron deposit is 
slipped into the reaction bulb quickly, and the volume 
of the gas that collects in the burette by displacement is 
measured in the usual way. The solution in the reaction 
bulb and the gas in the burette can then be analysed. 


With the help of this apparatus, the influence of 
temperature and the area of the deposit on the reactivity 
of active iron with water and sodium citrate and the 
mechanism of the iron-water reaction were studied. 


Estimation of Iron in the Presence of a Large 
Excess of Sodium Citrate 


During the course of these investigations the need for a 
rapid and accurate method for the estimation of iron in 
the presence of a large excess of sodium citrate was 
keenly felt. The ratio of iron to citrate was often of the 
order of 1 : 50 and the standard volumetric, gravimetric 
and colorimetric methods of analysis, involving the 
preliminary separation or destruction of the citrate, were 
complicated and tedious. 

The recent method based on the photo-chemical 
reduction worked out by Gopal Rao and Aravamudan? 
did not prove helpful in our ranges of concentration, 
since even after two hours exposure to sunlight, the 
reduction of the ferric iron by citric acid was incomplete. 
However, carrying out the reduction in a Jone’s reductor 
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Fig. 2.—-Titration of ferrous iron against dichromate in 
the presence of sodium citrate. 


and estimating the iron by titration according to 
vanadimetric procedure described by Viswanadhan and 
Gopal Rao* yielded satisfactory results. All the same, 
we felt it desirable to explore the possibilities of working 
out suitable modifications to the dichromate technique, 
in view of its ready availability and greater familiarity, 
in addition to being one of the primary volumetric 
standards in routine analytical laboratories. 


The direct quantitative oxidation of ferrous iron by 
dichromate in the presence of citrate does not appear to 
have been attempted in the past, due, obviously, to the 
ease with which citric acid is known to be oxidised by 
dichromate in high acid concentrations.‘ But pre- 
liminary observations indicated that in an approxi- 
mately normal sulphuric acid solution, N /10 dichromate 
showed no oxidising action on citrate at room tempera- 
tures (25°-30°C.). However, it was noted that a 
solution containing ferrous sulphate and sodium citrate 
consumed more dichromate than could be accounted for 
by the iron present. This induced oxidation of citrate 
by dichromate appeared to be influenced by the con- 
centrations of citrate and ferrous iron present in the 
solution, as well as by the temperature of the reaction. 
A similar observation was made by Viswanadhan and 
Gopal Rao® with reference to oxalic and citric acids. 
Systematic work was, therefore, undertaken to standard- 
ise conditions for adopting a dichromate procedure. 
Titrations were carried out with a standard dichromate 
solution at room temperatures (25°-30° C.) in approxi- 
mately normal sulphuric acid media after reduction of 


TABLE IT.—INFLUENCE OF FERROUS TRON CONCENTRATION. 


Volume of 15°, 
Sample Amount of Iron Sodium Citrate Dichromate 
No. | Consumed 

| (ml.) 


1 


3 
4 


6 
7 540 


All titrations were conducted in IN sulphuric acid solution at 25°C. 


TABLE I.—INFLUENCE OF CITRATE CONCENTRATION. 


Volume of 

Sample Ferrous 
No. Ammonium 

Sulphate 
(ml.) 


Dichromate 
Consumed 


Volume of 
15% Sodium 
Citrate Added 
(ml.) (ml) 


Dichromate 
Equivalent 


21- 


All titrations were conducted in 1N sulphuric acid solution at 25° C. 


iron by passing through a Jone’s reductor. Diphenyla- 
mine was employed as internal indicator and the sharp- 
ness of the end point improved by the addition of 10 ml. 
of syrupy phosphoric acid. The titration values were 
occasionally checked with those obtained by carrying out 
the titrations using diphenyl carbazide as external 
indicator. The carbazide was found to be very satis- 
factory as an external indicator because the colour 
change was sharp and was in no way vitiated by the 
presence of zinc in the medium. In this respect, this 
indicator has a distinct advantage over the conventional 
ferricyanide solution. 

The results presented in Table I clearly show that the 
volume of dichromate consumed increases with the 
citrate concentration up to a limit beyond which it 
remains fairly constant. This important observation 
was, therefore, harnessed and further investigations 
carried out which show that, provided the concentration 
of citrate is maintained sufficiently high, the volume of 
dichromate consumed is directly proportional to the iron 
content of the solution. This point is amply illustrated 
by Table II and Fig. 2. An examination of Table III 
will show that though temperature exerts a distinct 
influence on the titration, fairly constant values can be 
obtained by maintaining it within reasonable limits, 
viz. 5° C. 

Based on the above observations, a satisfactory 
procedure has been worked out which may be briefly 
described as follows :— 

To a solution containing approximately 200 mg. of 
iron, 10 ml. of 15°, sodium citrate solution is added so 
that the total citrate content will always be well above 


TABLE IIL.—INFLUENCE OF TEMPERATURE. 
(108 mg. iron containing 75 ml. 15% sodium citrate) 


Dichromate 
Consumed 
(ml.) 


Sample Titration 
No. | Temperature 
| CoO | 


16-0 


1 | 10 


70 


* End point not permanent, 
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240 
(ml.) 
2 20 21-6 2 27-8 
VEE | 3 20 21-6 5 30-8 
| 4 20 | 21-6 10 34-8 
| 5 20 21-6 15 34-9 
; 80 Tr | T | 6 20 21-6 20 34-8 
| 7 20 21-6 75 34-8 
| 
| } | 
| | 
| | 
3 20 16-8 
2 108 75 17-0 5 30 17-2 
| i 162 75 26-0 6 35 17-5 
’ | 216 75 | 34-8 7 40 17-7 
75 51-5 8 18-0 
75 83-5 10 | = 19-0° 
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TABLE IV.—TYPICAL RESULTS. 


Iron Found Tron Found 
Sample Iron Content by the Present by Conventional 
No, Procedure Method 
(mg.) (mng.) (mg.) 
1 $1 M4 90 
2 108 106 115 
3 1s 138 145 
4 216 218 225 


the threshold limit. The resulting solution is rendered 
nearly 1N with reference to sulphuric acid, after which 
the entire iron content is brought to the reduced con- 
dition by passing through a Jone’s reductor. It is then 
treated with 10 ml. of syrupy phosphoric acid, followed 
by a few drops of diphenylamine indicator, and titrated 
against standard dichromate. From the volume of 
dichromate consumed, the iron content of the solution 
is directly read off by reference to a standard curve. 
Care has, however, to be taken to maintain the tem- 
perature of titration within + 5° C. of what had been 
employed for obtaining the standard curve. 


Different solutions containing known and varying 
quantities of iron and citrate were analysed by the above 
mentioned method, as well as the conventional volu- 
metric procedure, taking ample care to destroy the 
citrate followed by a separation of iron by repeated 
reprecipitation. Some typical results obtained in this 
regard are incorporated in Table IV. From these it can 
readily be seen that there is very good agreement 
between the known quantities of iron taken and the 
corresponding ones determined by different methods. 
Thus, the present procedure commends itself for adoption 
in view of its speed and elegance consistent with accuracy. 


Acknowledgments 


The authors’ thanks are due to Dr. D. Subba Rao for 
his assistance during the investigations and the manage- 
ment of the Tata Iron and Steel Co., Ltd., for permitting 


the publication of this paper. 
REFERENCES. 
1G. V. L. N. Murty, D. Subba Rao and T. R. Ramaswami, Metallurgia, 1959, 
50, 141. (It is regretted that at the time of publication the names of Dr. 


Murty's co-workers were omitted.) 
2 G. Gopal Rao and G, Aravamudan, Anal. Chem. Acta, 1955, 18, 328. 
3 C. R. Viswanadhan and G. Gopal Rao, Curr. Sci., 1944, 13, 180. 
4H. F. Launce and Yojhio Tomimatsu, Anal, Chem., 1953, 25, 1,767. 
5 O. RB. Viswanadhan and G. Gopal Rao, Curr. Sci., 1943, 12, 327. 


Water Recovery in Steelworks 


HE Abbey Works of the Steel Company of Wales, 
one of the world’s largest steelworks, with an 
output of approximately 3 m. tons of steel a year, 

not unnaturally has a water problem. It became 
essential to recover as much as possible of the discharged 
water for re-use in the mill. In modern strip mills the 
quality of the water must be good, for otherwise rolls 
will not last and minute indentations will be made on the 
steel strip which affect the quality of the finished work. 
Thus, treatment plant for water recovery has to be 


(Courtesy of The Steel Co. of Wales, Ltd.) 


Paterson clarification plant at Abbey Works, showing the Centrifloc 
clarifiers 
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Paterson Plant at S.C.O.W.’s Abbey Works 


carefully designed to meet this problem and to ensure 
that at all times the desired water quality is maintained. 
The Paterson water treatment plant illustrated success- 
fully treats the effluent from the hot strip mill containing 
a large quantity of heavy suspended matter and oil, 
reducing the oil to a negligible quantity and the suspended 
solids to an average of 14 p.p.m., and on numerous 
occasions to 5 p.p.m., without filtration. 

The hot returned effluent is pumped from the scale 
pits direct to a primary sedimentation tank which is 
divided into six “canals,” each about 
100 ft. long by 15 ft. wide, equipped with 
electrically-driven chain-operated flights 
of scrapers, the upper flights assisting in 
the movement of the rising oil to the 
skimmers and the lower scrapers lifting 
the heavy suspended solids up to a sloping 
wall to the top of the primary clarifiers, 
to be deposited on an endless belt dis- 
charging by chute to a railway truck for 
disposal. The oil skimmers, six in number, 
are adjustable according to the amount of 
oil contained in the water and discharge 
into a holding tank, from whence the oil 
can be pumped away or removed by 
mobile tanker. 


The effluent then passes through a 
Venturi flume where it is measured, after 
which it proceeds to secondary circular 
clarifiers of the Centrifloc type, each 130 ft. 
diameter. The Venturi flume is also used 
to control automatically the coagulants 
which are added to the water to assist in 
the precipitation of the lighter and 
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colloidal impurities. The coagulants are brought by 
mobile tanker to the chemical house and discharged 
into holding tanks, from whence they are pumped to 
the automatic measuring equipment. The coagulants 
used are waste products and this helps to keep the cost 
of the treatment to a minimum. 

The Centrifloc clarifiers are of the vertical flow type 
employing a modified sludge blanket with continous 
sludge discharge. Their design is such as to ensure 
effective mixing and flocculation of the effluent before 
it is collected evenly over the upper surface of the 
clarifiers through radial launders equipped with hydrauli- 
cally spaced orifices. Each clarifier has a mechanical 
mixer, mechanical flocculators, and sludge scrapers to 


remove the deposits formed on the floor of the tank, 
all the equipment being operated electrically. The 
design of the Centrifloc clarifier is such that the slurry 
discharge is kept to a very low figure and is as concen- 
trated as is possible. In these works the slurry is dis- 
charged to waste without thickening, but if necessary 
thickeners can be incorporated and the sludge vacuum 
dried. 

The plant was originally designed for a flow of 18,500 
gal./min. but on completion it was found necessary to 
impose on the plant an overload of about 30%, so that 
the final flow through the plant is now of the order 
of 25,000 gal. /min. 


New Austenitic Manganese Steels 


Two new austenitic manganese steels which provide 
improved abrasion resistance in castings have been 
developed by Climax Molybdenum Company, a division 
of American Metal Climax, Inc. One of these steels is a 
12-2 manganese-molybdenum alloy which combines 
toughness and abrasion resistance with a high degree of 
ductility. The other is a 6-1 manganese-molybdenum 
alloy which has exceptional abrasion resistance but only 
moderate ductility. 


In both of these steels, molybdenum makes possible 
the use of higher carbon contents than is normal in 
Hadfield manganese steels. Where 1-25°%, carbon often 
causes embrittlement, the globularising of carbides in 
grain boundries by molybdenum makes possible the use 
of as much as 1-7% carbon in commercial castings. 
Climax has found the new steels particularly valuable in 
its own mining operations. The 12-2 alloy is being used 
successfully in slusher scrapers and cone liners. It has 
demonstrated up to 40%, longer life and resistance to 
flow than Hadfield manganese steel. The 6-1 alloy 
shows promise for applications such as grinding mill 
liners and scoop lips, screen decks, grates and jaw crusher 
liners. The company does not plan to market these 
steels commercially but will make its research and 
development information available to interested com- 
panies upon request. 


Automated Ore Milling Plant 


A new, highly automated ore milling plant has been 
opened by The International Nickel Co., of Canada, 
Ltd., in the Sudbury area of Ontario as the latest step 
in a continuing programme to counter rising costs with 
increased production efficiency through technological 
advances. The modern mill, located at Inco’s Levack 
Mine and built at a cost of 12,000,000 dollars, 
makes extensive use of instrumentation to permit 
centralised, and in some cases automatic, control of 
the crushing, grinding, flotation, and dewatering pro- 
cesses involved in the production of concentrates from 
ore. All operations are controlled from centrally 
located instrument panels. Many recently developed 
techniques, such as the use of radioactive isotopes for 
making density measurements, have been incorporated 
into the new plant. The mill, which has a capacity of 
6,000 tons of ore per day, is among additions and 
improvements the company is carrying out at its 
properties in the Sudbury area which, with the new 


nickel mining project being developed at Thompson, 
Manitoba, will raise Inco’s nickel production capacity 
to 385,000,000 pounds per year by 1961. The Levack 
installation brings to three the number of ore milling 
plants operated by Inco at its nickel mines in the 
Sudbury area, the free world’s greatest source of nickel. 


. 
Meeting Diary 
(continued from page 182) 

8th December 

East Midlands Metallurgical Society. “ The Fabricating 
of Steam Generating Equipment for Nuclear Power Stations 
(with special reference to Welding Problems),”’ by A. F. Grrrorp. 
The Faculty of Applied Science, Clifton Boulevard, The Univer- 
sity, Nottingham. 7.30 p.m. 

Institute of British Foundrymen, London Branch 
(Beds. and Herts. Section). ‘ Aluminium Castings,” by J. 
Vickers. Town Hall, Luton. 7.30 p.m. 

Institute of Metals, Birmingham Local Section. ** Bery|- 
lium,” by J. Witttams. College of Technology, Gosta Green, 
Birmingham. 6.30 p.m. 

Institute of Metals, Sheffield Section (Joint Meeting with 
the Sheffield Metallurgical Association). * Dislocations in 
Metals,” by P. B. Hirscn. Applied Science Building, The 
University, St. George’s Square, Sheffield. 7.30 p.m. 

Southamption Metallurgical Society. ‘* Semi-Conductor 
Materials,” by J. G. Witkes. Southampton University. 7.15 
p-m. 

13th December 

Institute of British ‘Foundrymen, London Branch 
(Slough Section). ‘Centrifugal Casting of Non-ferrous 
Metals,” by E. Ayres. Lecture Theatre, High Duty Alloys, 
Ltd., Slough. 7.30 p.m. 

Leeds Metallurgical Society. ‘* Metals and Alloys used in 
the Jewellery and Silverware Industries,” by Miss D. Prix. 
University Staff House, University Road, Leeds. 6.30 p.m. 

Sheffield Metallurgical Association, Refractories 
Group. “ Spalling from the First Principles,” by H. F. CLem- 
ENTs. 7.30 p.m. 

15th December 

Powder Metallurgy Joint Group of the Iron and Steel 
Institute and the Institute of Metals. Discussion of two 
papers on sintered stainless steel. Church House, Great Smith 
Street, London, 8.W.1. 2.30 p.m. 

16th December 

Powder Metallurgy Joint Group of the Iron and Steel 
Institute and the Institute of Metals. “ Practical Aspects of 
Pressing Metal Powders.”” Church House, Great Smith Street, 
London, 8.W.1. 

West of Scotland Iron and Steel Institute. “~ Recent 
Developments in Refractories for Iron and Steel Making,” by 
R. Matcotm. 39, Elmbank Crescent, Glasgow. 

21st December 

Society of Chemical Industry, Corrosion Group. Open 
discussion of practical problems. Society of Chemical Industry. 
14, Belgrave Square, London, 8.W.1. 6 p.m. 
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An X-Ray Investigation of Systems Between 
Niobium Pentoxide and Certain Additional Oxides 


By H. J. Goldschmidt, D.Sc., F.Inst.P. 
The B.S.A. Group Research Centre, Kitts Green, Birmingham, 33 


The binary constitutions of niobium pentoxide with the oxides of nickel, cobalt, iron, chromium, vanadium, titanium, 
zirconium, molybdenum, tungsten, magnesium, calcium, strontium, barium, cerium, aluminium and silicon have 
been studied on mixtures melted to varying compositions, and in a high and low temperature condition. The primary 
solid solubilities in B-Nb,O, are frequently extensive and accompanied by a degree of structural distortion. A number 
of intermediate niobates are formed for higher second-oxide contents and details have been determined ; amongst 
these, the rutile, columbit , perovskite and other structure types enter dominantly, and their stability fields, 
transformations, lattice- ee and other changes are outlined. A major effect is that of the rutile and columbite- 

type niobates being in certain cases high and low temperature allotropic forms to one another. Several new compounds 
and new isomorphs to known structures were found. Homogeneity ranges, which sometimes are considerable and 
imply varying degrees of non-stoichiometry, are a characteristic of these phases, as well as of the primary end solid 
solutions. A systematic pattern of phase occurrences emerges and is discussed in the light of the periodic table 


and crystal chemistry. 


tropic changes occurring in pure Nb,O,,! the main 
findings were the existence of two allotropic forms, 
of which the “high temperature” 8 modification, 
supposed stable only above 900°C., was in fact the 
stable one throughout ; whilst the “low temperature ” 
a form was metastable, but could be retained for times 
increasing with descending temperature before trans- 
forming into 8. In that paper certain further work on 
the effect of additional oxides was referred to, and the 
present account gives a first communication on this. 


The questions arise: (1) What would be the influence 
of foreign oxides, notably those of other transition metals, 
upon the a- and 8-Nb,O, forms (e.g. stabilisation of 
either, solid solubility, structural distortions); and (2) 
what new phases and structures would occur at excess 
concentrations of the second oxide? (The appearance 
of any such new phases and their equilibria would be of 
interest in several directions : for instance, in niobium- 
bearing high-temperature alloys, the existence of such 
niobates, their physical properties, transformations and 
volume changes, would have a considerable effect upon 
the oxidation resistance of an alloy on which they may 
be present, either in natural scales or protective coatings. 
Also, some of these compounds would, it is believed, be 
of interest in the metal ceramics and semiconductor 
fields.) 

Furthermore, a literature search has shown that the 
systems Nb,O;-Me,O, (= second metal oxides) are 
only very incompletely known, so that any basic new 
knowledge on these systems seemed of some fundamen- 
tal interest, and this was confirmed as the work pro- 
ceeded. The existence of several niobium-bearing 
minerals (e.g. columbite) and synthetic niobates is of 
course well established, and they will fall into place in the 


wider pattern emerging. 
SYSTEMS STUDIED 


In the course of this work on the binary systems 
between Nb,O, and a second metal oxide, the second 
oxides being studied include : 
Cr,0, — V,0, — TiO, — ZrO, — Ta,O, — 


I a recent X-ray high temperature study of allo- 


MoO, — WO, 


November, 1960 


NiO—Co,0,—Fe,0,— 


— Al,0,. 


— MgO — CaO — SrO — BaO — CeO, — SiO, 
(Greater emphasis in study was given to some than to 
others, as will arise below). 

Although many of the metals concerned form, of 
course, lower oxides than those cited, the principle here 
adopted is that of using the highest stable oxide to 


partner Nb,O,. It is true that in some cases a pseudo- 
binary system exists with one of the lower oxides (e.g. 
with FeO to form columbite FeO.Nb,0,), whilst for 
titania addition, for example, the section NbO,-TiO, 
(both rutiles), as well as Nb,O,-TiO, becomes relevant. 
Deviations from stoichiometry clearly play a major part. 


EXPERIMENTAL 


The two pure binary oxides, in varying molecular 
ratios were intimately mixed in powder form and com- 
pacted, then melted in a laboratory argon-are furnace 
under a pressure of 30/40 cm. Hg. The resulting small 
pellets were examined (1) in the as-melted condition 
(corresponding, for the rapid cooling rates in the fur- 
nace, to the highest temperatures below solidification), 
and (2) after annealing portions subsequently at 800° C. 
for 14 days, in order to approach, if not attain, a low- 
temperature equilibrium in air. 

The initial stock of Nb,O, was prepared by oxidising 
pure niobium metal at about 1,300°C., yielding pure 
B-Nb,O, (as was verified by X-rays). The final samples 
were investigated by X-ray powder photography, using 
established techniques, and structural interpretations 
and measurement of lattice-dimensions were carried out. 
A survey of melting points was also undertaken for many 
of the samples. 

The compositions chosen were generally 10, 25, 50 
and 75 molecular per cent. second oxide, with, however, 
additional ones as were required in each case. 

It should be mentioned that the compositions here 
referred to are those “ as-weighed,”’ and that the possi- 
bility of a minor composition change during melting 
under argon must be allowed for. The feasibility and 
success of argon arc-synthesising small experimental 
ceramic samples was first demonstrated by Geach and 
Harper? and fully supported in the present work. 
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TABLE I.—SYSTEM Nb,0,-NiO 


Composition | 


| 
Molecular t Constitution Remarks 
% NiO) 
10% As melted | B-Nb,O,, very large 
R (= rutile), very small 
| 
10% 800° ©., 14 days | B-Nb,O,, large 
© (= columbite), small | 
25% As melted | B-Nb,O,, medium | 
| R, large 
25% 800° C., 14 days B-Nb,O,, large/medium | 
| ©, medium /small } 
50% As melted R, pure Spacings : 
| a = 4-717 kX 
| ¢ = 3-038 kX 
c/a = 0-644 
50% | 800° C., 14 days ©, virtually pure Spacings : 
| | B-Nb,O,, trace a =~ 4-991 kX 
| 6 = 12-423 kX 
| } c = 5-905 kX 
75% | As melted R, large 
H (= hematite), medium 
75% 800° C., 14 days | ©, medium, large 
| H, medium/large 
90% | As melted | NiO, medium 
| | H, medium 
800° C., 14 days | Same + ©, small 


RESULTS 


Each system will now be dealt with in sequence, with 
brief specific conclusions, and a more general discussion 
will follow at the end of the paper. The order will be 
that of the periodic table. Throughout the tables the 
rutile-type phases will be designated R, the columbite 
(niobite)- type phases, C, the hematite-type phases, H, 
and the perovskite-type phases, P. 


System Nb,O,-NiO 
The constitutions observed in the system Nb,O,- 

NiO are shown in Table I: the following conclusions 

may be drawn :— 

(a) Nickel oxide does not stabilise a-Nb,O,, but main- 
tains the 8-form. The solubility of NiO in Nb,O, is 
considerable, but somewhat below 10%. It decreases 
significantly from higher to lower temperatures, so 
that precipitation (of rutile or columbite, see below) 
out of a quenched Nb,O, solution is possible 


(6) A phase of rutile-type structure exists at a com- 
position NiO.Nb,O;. However, this is stable at 
high temperatures only, and transforms to one of 
columbite (niobite)-type structure at lower tem- 
peratures. Stoichiometrically the composition of 
the latter is also NiO.Nb,O; (= MeO,, as rutile), 
but in fact it appears slightly on the excess NiO 
side, implying a partial decomposition : 

Rutile———> trace Nb,O, 

This non-stoichiometry in nickel columbite tends 
thus towards excess metal. The important feature, 
however, is the rutile /columbite transformation as 
such. This is reversible, in that columbite, once 
formed at a low temperature, re-forms rutile at high 
temperatures. Both phases coexist directly with 
the 8-Nb,O, solution. 

(c) A hematite-type of phase occurs at NiQ-richer 

composition, which itself coexists with rutile at 

higher, and with columbite at lower temperatures. 

The formal composition of this phase would be 

Me,O,, but appreciable non-stoichiometry occurs. 


Columbite + 


The hematite phase coexists directly with NiO. 
No spinel could be detected. 

Diagrammatically the position may thus be described in 
Fig. la*. 

System Nb,O,-Co,0, 

The constitutions observed in the system Nb,O,— 
Co,0, are shown in Table II: the following conclusions 
may be drawn :— 

(a) Cobalt oxide, like nickel oxide, maintains 8-Nb,O, 
and does not stabilise the a-form. The solubility of 
Co,0, in B-Nb,O, is considerable, but less than 
10%; it decreases with decreasing temperature. 

(6) A phase R (rutile structure) exists at an approxi- 
mate composition 2Nb,O0,.Co,O, (Co,;Nb,O,,), giving 
again the formal composition MeO, consistent with 
that correct for rutile and for columbite. Again the 
columbite structure forms by transformation at 
lower temperature from high-temperature rutile. 

(c) On adding further cobalt oxide, the hematite 
structure is stabilised; this is at a composition 
formally consistent with Me,O,. The hematite type 
phase has a small homogeneity range, manifested 
by a lattice parameter change. 


® It should be made clear that these diagrams are based on the two stated heat 
treatment levels only (i.e. as melted and annealed at 800° C.), but where the 
constitutions agreed, a joined boundary seemed justified for the purpose of 
this representation. 


TABLE Il.—SYSTEM Nb,O,-Co,0, 


Composition 


(Molecular a. Constitution Remarks 
 0o,0,) 
| 
10% As melted B-Nb,0,, large 
R (= rutile) small 
10% 800° C., 14 days | B-Nb,O,, large/medium 
C (= columbite), small / 
| medium 
25% As melted R, large R—spacings : 
B-Nb,0,, small a = 4-733 kX 
| c = 3-059 kX 
c/a = 0-646 
25% 800° C., 14 days | ©, large C—spacings : 
| B-Nb,O,, small a = 5-035 kX 
| | 6 = 14-119 kX 
¢ = 5-698 kX 
35% As melted R, large | 
H (= hematite), medium | 
(C, small) | 
35% 800° C., 14 days | C, large 
H, medium /small 
50% As melted H, large H—spacings : 
R, smal! /medium a= 5-155 kX 
c= 14-095 kX 
c/a = 2-73 
50% 800° C., ld days | H, large 
C, small /medium 
62-5% As melted H, large 
CoO, medium /small 
62-5% 800° C., 14 days Same 
75% As melted H, large/medium H—spacings : 
CoO, medium a = 5-159 kX 
= 14-164kX 
75% 800° C., 14 days H, large/medium CoO—spacings : 
CoO, medium a= 4-24kxX 
Co,0,, small 
100% Original (raw ©o,0, (spinel)* only 
material used) 
100% As melted CoO, large* CoO: a = 4-26kxX 
Co,0,, small ie. re-conver- 
sion on anneal- 
ing 
100% 800° C., 14 days | Co,0,, large 


CoO, small/medium 


* See text 
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(d) 


(e) 


Free cobaltous oxide CoO (NaCl structure) forms 
the last member in sequence. An anomaly must 
here be mentioned. The spinel structure of Co,O,, 
although confirmed on the present raw material 
used, becomes unstable at high temperatures and 
readily transforms to “CoO,” with an oxygen 
excess lattice (metal vacancies). This was sub- 
stantiated on melting pure Co,O, in the arc-furnace 
and in air, which yielded the NaCl type structure of 
CoO and could be re-converted to spinel by subse- 
quent anneal, though sluggishly. The labile rela- 
tionship and ready conversion, “CoO ” <--> spinel 
is well known ; CoO must here be assumed to have 
absorbed oxygen either by chemisorption or in the 
lattice. A dissociation temperature Co,0,-+- CoO 
of 900° C. has been reported. It should be noted 
that chemically the Co,O, spinel analysed correctly 
as Co,0,, both before and after the conversion to 
“CoO.” Addition of Nb,O,; to cobalt oxide main- 
tains the sluggish but reversible CoO- spinel 
change. It contracts the CoO lattice appreciably. 
This seems unexpected in view of atomic sizes, but 
would indicate a major metal deficiency developing 
as some Nb replaces Co. 
The overall sequence of phases in the Nb,O,— 
Co,0, (CoO) system thus becomes (in terms of type 
structures) :— 
Nb,O,—> Rutile Hematite— Rocksalt (CoO, , x, CosO,) 
Columbite Spinel 

(lh) (2) (3) (4) 

The same sequence of structures, it may be noted, 
occurs quite generally; in case of the Nb,O,— 
NiO series (see above) it terminates at the rocksalt 


TABLE UL. 


-SYSTEM Nb,O,-Fe,0, 


Composition 
(Molecular 


Heat 
Treatment | 


Constitution Remarks 


Fe,Oy) 
10% As melted Nbd,O,,. very large 
| R (= rutile), trace 
| 800° C., 14 days |B Nb,O,, large 
*columbite ), small 
25% As melted | R, larwe R—spacings : 
| B-Nb,O,, small | a 4-754 
(©, small 3-052 
c/a 0-642 
25% 800° C., 14 days C, almost pare C—spacings : 
K, trace a 4-756 kX 
b 13-718 kX 
41 kX 
que As melted | R, pure R —spacings 
| a 4-740 kX 
40% 800° ©., 14 days pure —spacings 
| a 4-945 kX 
} b 14-068 kX 
| | 443 X 
As melted | large | R-—spacings : 
H (= hematite), small } a 4-740 kX 
| ¢ = 3-072 kX 
| | c/a 0-645 
| 
800° ©., 14 days | pure C—~spacings : 
| @ = 4-973 kX 
14-111 kX 
| 424 kX 
75% As melted H, almost pure } H—spacings 
R, trace @ = 5-116 kX 
¢ ~ 12-007 kX 
75% 800° C., 14 days H, large /medium | H—spacings : 
0, medium | a= 5-212 kX 
14-044 kX 
100°, - pure a= 5-034 kX 


c= 13-749 kX 


November, 


1960 


Composition 
(Molecular 
% OrgO,) 


10%, 


50% 


100°, 


TABLE IV.—SYSTEM Nb,O,-Cr,0, 


Heat 
Constitution Remarks 
As melted B- Nb,O, , large | 
| R¢ rutile), small/ 
medium 
C., ld days | B-Nb,O,, large 
R, sm: ali medium 
5% As melted R, large R—apacings : 
| | B-Nbg ),, stmall a= 4-735 kX 
| c = 2-996 kX 
| c/a = 0-633 
4 soo’ C., 14 days R, very large 
B-Nb,O,, very small 
As melted R, pure | R —spacings : 
a 4°666 kX 
¢ 3-008 kX 
} c/a 0-644 
800° C., 14 days | R, pure a = 4-636 kX 
| | c = 3-006 kX 
c/a = 0-648 
As melted | Ht hematite), large/ —spacings : 
mehum a= 4-948 kX 
| R, medium | ¢ = 18-660 kX 
C., 14 days H, large/medium H—spacings : 
R, medium, but more a =~ 5-333 kX 
than as melted 13-449 kX 
H, pure aw 4-49 kx 
= 13-57 kX 


structure (no spinel); in that of Fe,O, (see below) 
it terminates at stage (3). 


A schematic phase diagram Nb,O,—Co,0, is shown in 


Fig. 


1b. 
System Nb,O,-Fe,O, 


The constitutions observed in the system Nb,O,- 


Fe,O, are shown in Table ILI : 


the following conclusions 


may be drawn :— 


(a) 


(b) 


(c) 


Fe,O, does not stabilise a-Nb,O,, but maintains the 
8-form. A finite solid solubility exists of Fe,O. 
in Nb,O,, but less than 10%; it decreases with 
decreasing temperature. 

A phase of rutile structure again occurs, and again 
transforms to columbite type at lower temperatures. 
The composition for R is at about 40% Fe,O,, but 
there is a homogeneity range ; this stops short of 
50°, showing some metal deficiency relative to the 
MeO, composition. The columbite phase C extends 
over an appreciable homogeneity range, predomina- 
ting between 25 and 50% Fe,O,. This range is 
reflected by significant changes in spacing. 
Hematite Fe,O, has a large solubility for Nb,O,, 
decreasing with decreasing temperature under 
formation of columbite. Considerable lattiee spacing 
changes are caused, 


Fig. le shows the schematic phase diagram. 


System Nb,O.-Cr,O, 


The constitutions observed in the system Nb,O,- 


Cr,O0, are shown in Table IV : 


the following conclusions 


may be drawn :— 


(a) 


Cr,0, dissolves partially in 8-Nb,O,, but to a con- 
siderably smaller extent than nickel, cobalt or iron 
oxides. 

The system is dominated by the rutile type strue- 
ture. This possesses a wide homogeneity range, 
from the stoichiometric composition Nb,O,.Cr,O, 
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MOLECULAR ‘Jo Cr203 
KEY TO STRUCTURE TYPES AND SYMBOLS( ) 


(a) System Nb,O,-NiO. 


(b) System Nb,O,-Co,O, 


(c) System Nb,O,-Fe,0,. 


(d) System Nb,O,-Cr,0,. 


(8) 
= WH © 


* 
NOBITE = WA ©) 


(COLUMBITE) 


SODIUM CHLORIDE = 
SPINEL = 


DERIVATIVES = BFOR \V,Nb)20s 


PEROVSKITE & DERIVATIVES = TUNGSTEN BRONZE 


(P) 


CLASS (Q) 


Fig. 1.—Present constitutional results of systems of niobium pentoxide with second oxides. 


SS 1:05 ©) 


222222 cusic ZIRCONIA 
= MONOCLINIC ZIRCONIA (Z\y) 


= “ANY OTHER STRUCTURE” 
(Nb, W) OxIDE 
INTERMEDIATE OXIDES 


FOR X=Ca, Sr, Ba, Al and Ce) 
= COMPOSITIONS LEFT OPEN 


FLUORSPAR 
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(e) System Nb,O,-V,O, 


(f) System Nb,O,-TiO,. 


(g) System Nb,O,-ZrO,,. 


(= NbCrO,) towards higher Nb,O, contents. The 
rutile remains stable at both high and low tem- 
peratures, and no columbite (i.e. no transformation 
of the rutile) occurs in this system. 


LTE. 


TABLE V.—SYSTEM Nb,0,-V,0, 
Composition | Heat | 
(Molecular t Constitution Remarks 
% 
10% As melted | B-Nb,O, solid solution, 
pure 
10% 800° C., 14 days | 8 -(Nb, V),0,, pure B’ is close deriva- 
tive to B-Nb,O, 
25% As melted B-Nb,O,, large 
R (= rutile), small 
25% 800° C., 14 days | B’-(Nb, V),O,, pure 
50% As melted R, large/mediom R—spacings : 
B-Nb,O,, medium @ = 4-624 kX 
¢= 3-015 kX 
¢/a = 0-638 
50% sou’ C., ld days | B’4Nb, V),O,, large 
75% As melted . R—spacings : 
B-Nb,0,, small @ = 4-609 kX 
¢ = 2-972 kX 
75% 800° C., 14 days | B’-(Nb, V),0,, large 
V,0,, small /medium 
90% As melted R, pure 
90% 800° C., 14 days | B’-(Nb, V),0, Vs0. partly vapor- 
i 
100% As melted v,0, 
100% 600° C., 14 days v,O; No change in 
structure found 


November, 1960 


(c) 


(d) 


“PHASE, 
GUM 


MOLECULAR “lo TiO2 


The hematite structure of Cr,O, follows next in 
sequence, dissolving significant amounts of Nb,O, : 
this is accompanied by spacing changes; the 
hematite solution recedes at lower temperatures, 
precipitating rutile. 
The overall phase-sequence in the Nb,O,.Cr,0, 
system thus is :— 
B-Nb,O, Rutile———> Hematite 
at all temperatures, as against :— 
B-Nb,O,—-—> Rutile ———> Hematite for Fe,O, 
Columbite 


A schematic diagram is shown in Fig. 1d. 


System Nb,O,-V,0, 


The phases observed in the Nb,O,-V,0, system are 
shown in Table V: the following conclusions may be 
drawn :— 


(a) 


V.0, possesses a considerable solid solubility in 
B-Nb,O, (beyond 10%). This solution transforms 
however to a phase §’, structurally very closely 
related to 8-Nb,O,, but with distinctive differences 
in line intensities and groupings. This is shown in 
the miciodensitometer record, Fig. 2. The §’-phase 
also possesses an appreciable solubility for V,O, ; 
as representative formula Nb,., V . O, may be 
taken. £’ is in direct equilibrium with V,O0,, but at 
high temperatures a rutile intervenes, of approxi- 
mate composition Nb,..V;.,0,;; it decomposes to 
B’ + V,0,. 


VANADIUM_PENTOXIDE | 
Y Arr SY, 
Gy, 
| fers Yin, if 
| | MOLECULAR V205 
Nb2Os 
| 
j HTE 
Nb2Os ZIRCONIA 2rO2 
MOLECULAR ‘Jo ZrO2 
| 


Fig. 2.—Variations in the diffraction pattern of 8-Nb,O, 
as a result of the solid solution of added oxide, (cobalt Ka 
radiation, spacing range : 4-2>9>2-5°A). 


(b) V,0, itself exists, as far as present observations go, 
in one crystalline form only, the known one of 
orthorhombic unit cell. 

(c) Overall, the equilibria are therefore : 

+V,0; 


High temperatures : 8——>Rutile 
Low temperatures: 


as indicated in Fig. le. 


Interplanar spacings for the new 8’ (Nb, V),0, phase 
are given in Table Va. 

System Nb,O.-TiO, 

The constitutions observed in the system Nb,O,— 
TiO, are shown in Table VI: the following conclusions 
may be drawn :— 

(a) A wide solubility exists of TiO, in B-Nb,O,, up to 
the order of 30%. This is followed by a phase 
Nb,0,.TiO, agreeing with that reported by Dyson* 
and by Roth and Coughanour.t This phase is 
structurally closely related to B-Nb,O;, as shown by 
only minor differences in powder pattern (see Fig. 
2); its monoclinic unit cell agrees with that of 
8-Nb,O, the dimensions being very similar (allowing 
for double the cell size in 8) and as follows :— 
BNb,O, : a=21-08kX, b=3-82kX, 

c=19-31kX, B=119°42’ 
Nb,TiO,(D): a=23-8kX, b=3-76kxX, 
c=20-2kX, B=120° 


The process, on TiO, addition, appears to corres- 

pond essentially to a maintenance of the structure, 
but a limited distortion on passing from 8-Nb,O, 
to Nb,TiO,. Already within the 8-Nb,O,; primary 
region small modifications in line configuration 
were observed, corresponding to slight changes 
preliminary to the “ change” to Nb,TiO,. Such 
minor differences occurred not only with the varying 
composition but also with heat treatment of the 
same melt. It is doubtful whether Nb,TiO, really 
ought to be considered a separate phase, because no 
two-phase field 8-Nb,O, + Nb,TiO, occurs, but a 
continuous structural transition from one to the 
other. The phase “‘ 3Nb,0,.TiO,” reported by 
Roth and Coughanour is viewed here not as an 
independent one, but as merely a stage in this 
sequence ; this may however only be a matter of 
terminology. 
The rutile structure of TiO, is next in sequence, 
being in direct equilibrium with Nb,TiO,. A large 
solid solubility exists of Nb,O, in TiO,, extending at 
high temperature to beyond 20% Nb,O,;, but 
receding with lowering temperature so as to give 
precipitation of Nb,TiO., out of rutile. The rutile 
lattice is considerably expanded through Nb,O, 
solution. 


A tentative phase diagram, on the basis of the present 
results is shown in Fig. Lf. The position should, however, 
be viewed in the light of a ternary system TiO,-NbO,- 
Nb,O,, because the sub-oxide NbO, possesses also the 
rutile-type structure, and a TiO,/NbO, base solid solu- 
tion is indeed likely to be stabilised on TiO, addition to 
Nb,O,. This would be enhanced in cases of slight oxygen 
deficiency. Fig. 3 shows a ternary diagram TiO,-NbO,- 
Nb,O,, as in principle, it is likely to occur. 


System TiO,-NbO, 


Samples of pure niobium dioxide were readily pre- 
pared by melting Nb + Nb,O, mixtures in the correct 


TABLE Va.—INTERPLANAR SPACINGS OF PHASE B’ (Nb, V),0,, 
SAMPLE : 90% Nb,O,, 10% V,0,, AS ANNEALED 


Interplanar 
spacing 
(kX) 


Interplanar 


spacing Intensity 


Intensity 


1 

1 
1-2 
1-23 
1 


1 

1- 
1- 
1- 
1: 


-9920 


9688 
*9473 
“9549 


+9278 


0-9083 | 


W = Weak 


8S = Strong. M = Medium. 
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(b) 
(kX 
5-06 | M | ‘ ve 
3-76 M/S 6 w 
3-39 M 4 
3-106 | M/S 5 M/W 
; 2-894 M 191 w 
2-713 M 159 Ww 
5 2-495 w/M 151 M/W 
2-438 | 139 
2-331 Ww 117 w 
2-147 M/S ‘111 w/M 
2-069 M -0737 
: 1-915 w/M 0651 Ww 
1-829 0523 Ww 
1-786 w/M 0464 M/W 
1-761 M/S -0356 M/W 
1-738 M - 0282 M/W 
1-682 | M -O187 M 
1-659 M - 0003 M/S 
1-589 | w/M M/W 
1-564 M 0 M/W 
1-558 WwW 0 M 
1-528 Ww 0 Ww 
1-517 w 0 M 
1-474 W 0 M 
1-460 M 0 M 
1-403 Ww M 
1-301 Ww M/S 
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ratio. Using this NbO, as one component to a further 
50%Nb0,/50%,TiO, melt, a rutile solid solution was 
produced ; the lattice spacings varied as follows :— 

a=4-830kX, c=2-980kX, c/a=0-617 


NboO,: 

50/50 NbO,/TiO,: a=4-714kX, c=2-990kX. c/a—0-634 
(Mol.%,) 

TiO, : a=4-594kX, c=2-958kX, c/a=0-644 


Magnéli et al® had determined the lattice dimensions of 
NbO, as a = 4-836, c = 2-987kX, c/a = 0-618 and 
shown that the NbO,-rutile possesses a superlattice, 
with an actual enlarged unit cell of size a’ = 2\/2a = 
13-68kX, c’ = 2c = 5-974kX. The existence of this 
superlattice is confirmed in the present work, and is 
already apparent for the 50°%NbO,, 50%TiO, composi- 
tion, where the actual unit cell size then becomes : 
a’ = 13-33kX, c’ = 5-980kX. 

The overall picture, then, is that TiO, permits (1) the 
solution of Nb in the rutile to give (Ti, Nb)O,, and (2) 
a change in stoichiometry towards increased oxygen 
within the rutile lattice. For increased niobium, rutile 
transforms to the D-phase TiO,.Nb,O, (= (Ti,Nb)O,.,), 
which already conforms to the Nb,O, structure: the 
stoichiometric stages MeO,—-> MeO,.,—~+ MeO,., are 
thus clearly followed, and an intermediate solution series 
(Ti, Nb)O,.,-»., exists. (This is believed to be of some 
basic importance in explaining the favourable oxidation 
properties of Nb-Ti alloys, and the behaviour of layers 
of scale on them, containing these oxides.) 


System Nb,O,-ZrO, 

The constitutions obtained on the Nb,O,—ZrO, system 
are shown in Table VII: the following conclusions may 
be drawn :— 

(a) A considerable solid solubility exists of zirconia in 
Nb,0,, estimated as in the order of 30% ZrO,. This 
again causes a slight modification in, but essentially 
maintains, the 8-Nb,O, structure; a-Nb,O,; is not 
stabilised through ZrO,. 

(b) Nb,O, addition to ZrO, appears to stabilise the 


TABLE VI.—SYSTEM Nb,0,-Ti0, 


Composition | Heat 
(Molecular Treatment Constitution Remarks 
% TiO,) 
5% | As melted B-Nb,0O, solid solution Slight differences 
in fine structure 
5% | 800° 0.,14 days | £-Nb,O, solid solution and grouping in 
diffraction lines. 
- Roth and 
10% | As melted B-Nb,O, solid solution Coughanour’s 
3Nb,0,. TIO, re- 
10% 800° C., 14 days | 8-Nb,O, solid solution garded as only 
— one stage, not 
25% As melted B-Nb,0O, solid solution separate phase. 
Continuous 
25% 800° C., 14 days | B-Nb,O, solid solution transition of 
intensities. 
37-5% As melted B-Nb,0,/" D” Phase 
Transitional state 
37-5% 800° C., 14 days | 8-Nb,O,/“ D” Phase 
50% As melted “D" = Nb,O,.TiO,, very; D= Dyson's 
phase, Nb,O,. 
R, small TiO, 
50% 800° C., 14 days D, pure 
75% As melted | R, large R—spaci: 
| D; small 4-704 kX 
ec = 3-055 kX 
75% 800° C., 14 days D, large/medium 
R, medium 
100% As melted R a= kX 
100% 800° C., ld days | R = 2-958 kX 
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RUTILE (Nb, Ti) O2 


Fig. 3._-Ternary diagram of Nb,O,-NbO,-TiO, (illus- 


trative only). 


cubic (high temperature) form of zirconia to lower 
temperatures, so that this phase already occurs at 
50% ZrO,, in equilibrium with 8-Nb,O,. Further 
ZrO, addition eliminates this phase again, in 
favour of the low-temperature monoclinic modifica- 
tion of ZrO, A compound “ 6ZrO,.Nb,0,,” as 
reported by Roth and Coughanour,* could not be 
confirmed, and was in fact a mixture of the cubic 
and monoclinic forms of ZrO,. This question was 
given special consideration ; a melt synthesised to 


the composition 6ZrO,.Nb,0, contained doubtless 
TABLE VII.—SYSTEM Nb,0,-Zr0, 


| 
Composition | Heat 


(Molecular Treatment Constitution Remarks 
% ZrO.) | 
10% | As melted B-Nb,O, solid solution Slight changes in 
| fine structure of 
10° 800° C., 14 days | 8-Nb,O, solid solution lines 
25% As melted | B-Nb,O, solid solution | 
| pure | 
| 
25% | 800° C., 14 days B- vb,0,, very large 
Ze, trere 
50°, As melted | B-Nb,O,, large /medium Ze = cubic form 
| Ze, large/medium at ZrO, (solid 
| } solution) 
50% | 800°C., 14 days | Same 
62-5% | As melted | Ze, medium | Three-phase 
| | ZrO, (mon.), mediam coexistences, 
| B-Nb,O,, small /medium as pure un- 
quenchable 
62-5% 800° C., 14 days | Same, except less ZrO, | ZrO, (mon.) = 
(mon.,) monoclinic form 
75% As melted | Ze, medium /large 
| ), (mon.), mediam 
§-Nb,O,, small 
75% 800° ©., 14 days Z., medium /large 
ZrO, (mon.), medium 
86% As melted | ZrO, (mon.), large/ | Composition of 
medium 6ZrO, Nb,O,, 
| Ze, medium claimed* to 
| represent new 
compound, but 
not confirmed 
| 
86% 800° C., 14 days Ze, large | : 
ZrO, (mon.), small/ | Oubiec ZrO, lattices 
medium @_ 6-072 kX 
100% As melted ZrO, (mon.), pure A cubic ZrO, stan- 
dard has been 
repared by 
stabilisa- 
tion 


| 


ly. (Me 
\ TIO2 
\ 
Nb» Ti O7 
(MeO2 33) 
B-Nb20s + RUTILE 
it 
we Al FANDOM | TION TiO2 
i} 
| 
7 
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appreciable amounts of free zirconia in the mono- 
clinic form, whilst all remaining lines were well 
accounted for by the cubic form of ZrO,. Similarly, 
Nb,O, richer compositions showed free cubic 
zirconia, even at 50%, where it coexists with 
B-Nb,O,. Previously Durbin and co-workers*® had 
reported that Nb,O, stabilised cubic ZrO,, a view 
later denied,* but reaffirmed in the present work. 
The overall picture of the system, therefore, is the 
relatively simple one of B-Nb,O; and ZrO, solid 
solutions coexisting, the former tending to stabilise 
the cubic form of ZrO,. 

Schematically this may be represented by a diagram 
as in Fig. lg. 

System Nb,O,-MoO, 

Owing to the low melting point (795° C.) and ready 
vaporisation of molybdenum trioxide, it was found 
impossible to bring about reaction with Nb,O, by melt- 
ing, without substantial volatilisation of MoO,. The 
solid remainder proved to be purely f-Nb,O, solid 
solution ; however, modifications in the line-pattern of 


Nb,O, showed that at least some molybdenum had 
entered into solution. 


The system was not pursued at present, but it may 
here be reported, as a parallel observation in a separate 
investigation, that when a series of Nb-Mo binary alloys 
was allowed to oxidise in air at 1,000° C., the constitution 
of the scale formed was again py B-Nb,O, through- 
out, containing an amount of molybdenum oxide in 
solid solution (which from line-intensities is apparently 
constant) ; this applied to alloys up to at least 90° Mo ; 
the bulk of MoO, had evaporated. It seems likely that 
stoichiometrically the actual lattice solution will have 
tended towards MoO, from (Nb, Mo)O,.,, rather than 
MoO,, though this is an open question. 


(to be continued) 
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Correspondence 
A New Version or ‘Strencta or MATeErIALs’ 


The Editor, MeTaLLurcia. 


Sir, 

You were good enough to publish much of the work 
that I did on the mechanical properties of materials in 
the ten years up to 1952, (see below), and I might have 
offered you more but for a prolonged illness during which 
I lost most of my papers and lost touch. 

If you remember, the whole object of my work was 
to prove my contention that any of these properties 
could be calculated from the true stress-strain curve of 
the material, so that, given the proper stress-strain curve 
of any material, any of its mechanical properties could 
be calculated. That was quite a considerable claim, of 
course, and a completely new one: there was a little 
occasional appreciation but nocriticism, in spite of the fact 
that my efforts were not always beyond criticism by any 
means. 

As I have explained, I have failed to keep in touch 
and have no idea whether my work has fallen completely 
flat or not. Would some of your readers break silence 
and help me to understand what, if anything, has 
happened as a result of my efforts for so long ¢ 

I should like to ask anyone who would be so good as 
to come forward with comments and criticism, first of 
all, whether they agree that I have proved by my work 
to date that the conversions I claim to be possible are 
in fact possible. Secondly, I should welcome opinions 
as to whether it appears to be worthwhile to have all 
the mechanical properties worked out according to my 
principles. Thirdly, if the answers to the above are in 
the affirmative, why does nobody offer to assist me with 
this work ? 

Yours faithfully, 
A. C. Vivian. 
High Orchard, 
Ralph Allen’s Drive, 


Bath. 23rd September, 1960. 


Canadian Nuclear Fuel for Japan 


Canapa’s first direct export sale of nuclear fuel elements 
will be made to the Japan Atomic Energy Research 
Institute by A.M.F. Atomics Canada, Ltd., Port Hope, 
Ontario. The contract calls for 270 natural uranium fuel 
elements for use ina 10MW. heavy water moderated 
research reactor. In commenting on the contract, Mr. 
G. I. Staber, A.M.F. Atomics’ general manager said, 
“ This is a significant milestone in the development of 
industrial participation in Canada’s atomic energy 
program. We have been devoting a great deal of effort 
to help promote world markets for Canadian uranium 
products because of the country’s vast supply of uranium, 
and we believe that Canada can become a strong 
competitor with foreign producers of these products.” 


More Coke for Steelmaking 


Woopatt-DuckHamM Construction Co., Lrp., has 
received orders to build two new coking plants together 
valued at over £4 million. Colvilles, Ltd., have ordered 
for their Ravenscraig works two further batteries of 
coke ovens with complete coal and coke handling systems 
and a by-products recovery plant, similar to those under 
construction at Ravenscraig. By the end of 1962 when 
all six batteries will be in operation, the Ravenscraig 
works will be processing 1} million tons of coal annually. 

The contract for the new coking plant for the United 
Coke and Chemicals Co., Ltd. (a subsidiary of the United 
Steel Cos., Ltd.), at Orgreave, includes the demolition of 
a derelict battery of ovens and the building of a new 
battery of 43 ovens with by-products recovery and 
benzole plants and a gas boosting plant. 
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A Symposium on Welding 
in Shipbuilding 


Tue Royal Institution of Naval Architects, the Insti- 
tution of Engineers and Shipbuilders in Scotland, and 
the North East Coast Institution of Engineers and Ship- 
builders have agreed to co-operate with the Institute of 
Welding in a joint Symposium on Welding in Shipbuilding 
to be held in London in October/November 1961. 

The Joint Committee invites offers of papers on : 
the structural design of welded hulls; the building of 
welded ships ; shipyard layout for welded shipbuilding ; 
automatic welding in shipbuilding ; materials handling ; 
welded joints in thick mild steel ; the use of high yield 
point steels in welded ship construction ; aluminium 
alloys for welded ship construction; non-destructive 
testing of ship welds ; and training and testing of ship 
welders. All papers accepted by the Joint Organising 
Committee will be preprinted and subsequently published 
with the discussion in a volume of proceedings. The 
MSS (complete with illustrations) will be required by 
Ist April, 1961. The preferred length of papers is 
2,000 to 3,000 words. 

Offers of papers, which should include a synopsis of 
not more than 200 words, should be addressed to The 
Secretary, Joint Symposium Committee, The Institute 
of Welding, 54 Princes Gate, Exhibition Road, London 
S.W.7 and should reach the Institute before the end of 
November, 1960. 


New Workington Sinter Plant 


H.R.H. Prixce Haran, the 23-year-old Crown Prince 
of Norway, is to open a new £2} million sinter plant at 
Workington Iron and Steel Company on 6th December. 
The existing sinter plant at Workington, which has been 
in operation since 1943, has successfully shown the 
advantages of using sinter and as additional quantities 
are now needed the decision was taken to build the new 
plant. Norwegian iron ore is particularly suitable for 
the acid Bessemer steelmaking process employed at 
Workington, and it is supplied in the form of a concentrate 
which is finely powdered and therefore demands a 
sintering technique. The company already use up to 
150,000 tons of these concentrates each year, which will 
be increased to 400,000 tons when the new plant is in 
operation. This will represent about 60%, of their raw 
material intake. 


School of Welding Technology 


Stnce its foundation by the Institute of Welding in 
1957, the School of Welding Technology has organised 
some fifty courses which have been attended by nearly 
2,250 engineers, designers, inspectors, supervisors and 
other senior personnel from firms, nationalised industries 
and Government departments. Courses have been 
organised for the coming months on the following sub- 
jects: design for welding in general and mechanical 
engineering (28th November to 2nd December) ; brazing 
—technology and design (16th—20th January); design 
for welding in thermoplastics (30th-3lst January) ; 
non-destructive weld examination (13th-17th February); 
welding of atomic energy plant (27th February—3rd 
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NEWS AND ANNOUNCEMENTS 


March) ; advanced course for welding engineers (13th— 
17th March); and resistance welding—technology and 
design (27th-30th March). Further particulars may be 
obtained from the School of Welding Technology, 
54, Princes Gate, London, 8.W.7. 


Early Tools of Automation 


Newest acquisitions of Smithsonian Institution in 
Washington, U.S.A., are early pyrometers—developed 
by English emigrant Edward Brown for measuring high 
temperatures. Examining an 1884 model, which took 


| 


{ 
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much of the guesswork out of steelmaking nearly a 
century ago, are Mr. R. P. Brown of Philadelphia, the 
inventor's son (left), and Dr. L. Carmichael, secretary of 
the museum. On the table is a modern version having 
automatic control action. The presentation was made 
by Mr. Brown on behalf of the American associates of 
Honeywell Controls, Ltd. Mr. Brown and his father 
helped pioneer the international Honeywell organisation, 
and the company’s instruments, descendants of those 
designed by Edward Brown, are now widely used 
throughout the world. 


Beryllium Conference 


Tue Institute of Metals is holding a three-day Inter- 
national Conference on ‘‘ The Metallurgy of Beryllium ” 
in London on 16th, 17th, and 18th October 1961. The 
intention is to publish and discuss a great mass of 
hitherto unpublished original work on beryllium and to 
cover metal fabrication, physical and mechanical 
properties, and metal physics—in fact the whole field of 
the metallurgy of beryllium with the exception of 
extraction processes. The conference will be organised 
by the Institute’s Nuclear Energy Committee. 
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Courtesy of Appleby-Frodingham Steel Co.) 
The two AEI 3,000 h.p. motors which drive the main 
rolls of the new 12 ft. reversing plate roughing mill at 
the Appleby-Frodingham Steel Company’s Scunthorpe 
works: these motors have a peak output of 18,000 h.p. 


The organising committee invites offers of original 
papers for this important conference and requests that 
prospective authors shall submit firm titles and synopses 
of their papers by Ist January 1961 and the final manu- 
scripts, in duplicate, not later than Ist April 1961. 
Prospective authors are asked to advise the Secretary, 
as soon as possible, of the topics on which they intend 
to offer papers. Papers will be issued in preprint form 
in advance of the conference and will later be published 
promptly, together with reports of the discussions, in 
bound form. Correspondence regarding the conference 
should be addressed to the Secretary, The Institute of 
Metals, 17 Belgrave Square, London, S.W.1. 


Coking Delegation in Poland 


A DELEGATION of senior officials of the coking industry 
in Great Britain recently visited research institutions 
and coke oven plants in Poland. The party, led by 
Mr. G. W. Lee, Director of the British Coke Research 
Association, included Mr. D. E. Baird, Director of the 
British Coking Industry Association, Dr. R. J. Morley, 
Director-General of Carbonisation, National Coal Board, 
and Mr. W. J. Pater of the British Coke Research 
Association. A number of coking plants in Poland were 
visited and discussions held on technical matters of 
mutual interest. The tour, which lasted for twelve days, 
was made at the invitation of the Iron and Steel Board 
of Poland and was a reciprocal arrangement following 
the visit of Polish carbonisation officials to Great 
Britain in December 1959. 


Steel Prices 


Tue Iron and Steel Board has considered the effect on 
the industry of the recent rises in the price of coal and 


coke. These have added directly some £13 million a 
year, or 14s. per ton, to the production cost of steel. 
After careful consideration the Board have decided not 
to make any general increase in steel prices as a result of 
the higher coal and coke prices. On the other hand, 
this increase in costs has made it impossible to make 
further steel price reductions in continuation of the 


downward movement of the past two years. Any further 
changes which may be made this year in iron and steel 
prices are likely to be limited to a few products only, or 
to details of price structure, and are not expected to 
have any appreciable effect on the general level of steel 
prices. The Board will continue to keep the question 
of prices under constant review. 


Lecture Courses 


Two series of lecture courses have been arranged for the 
Spring Term of the 1960-61 session by the Division of 
Metal Science of the Borough Polytechnic, Borough Road, 
London, 8.E.1. Both will comprise six weekly lectures, 
to be given by specialists, that on recent developments 
in non-electrolytic metal finishing commencing on 
12th January, 1961, and that on the metallurgy of the 
rarer metals on 7th February, 1961. The topics to be 
covered by the metal finishing course include the catalytic 
reduction of nickel from aqueous solutions; galvanising ; 
conversion coatings other than phosphating; phos- 
phating ; metal spraying ; and hard surfacing. Among 
the metals to be dealt with in the second course are 
beryllium, zirconium, tantalum, niobium, tungsten and 
molybdenum; there will also be lectures on high 
temperature metals and alloys, and the purification 
of metals. 


Cold Extrusion of Steel Conference 


A spectral conference on the cold extrusion of steel, 
organised by the Institute of Sheet Metal Engineering, 
will be held in the City Hall, Sheffield from 21st to 23rd 
November, 1960. Admission to all technical sessions 
is by ticket only, which are available without charge to 
members of the Institute and of the National Association 
of Drop Forgers and Stampers. Non-members may 
attend on payment of a registration fee of three guineas. 
Papers to be discussed will deal with various aspects of 
the production and use of cold extruded and cold forged 
steel components. Further particulars may be obtained 
from the Hon. Secretary, Institute of Sheet Metal 
Engineering, John Adam House, 17/19 John Adam 
Street, London, W.C.2 


Ghana Aluminium Products, Ltd. 


Guana Atumintum Propvcts, Lrp., announces its 
intention to install an aluminium rolling mill next to its 
present factory at Tema. When completed this new 
industrial project, costing around £1 million, will 
eliminate the need to import into Ghana many semi- 
fabricated aluminium products, and it will give employ- 
ment to over two hundred Ghanaians, many in key 
positions. The new rolling facilities are expected to be 
installed and in operation early in 1962. Initially the 
mill will use imported aluminium ingot, but if the Volta 
River Project, involving the establishment of an 
aluminium smelter, goes ahead the mill would be able to 
use Ghanaian ingot. At present the company is jointly 
owned by the Government of Ghana and Aluminium, 
Ltd., of Canada, but arrangements are being finalised 
for the additional share capital required to finance the 
rolling mill to be provided by Aluminium, Ltd., the 
Commonwealth Development Finance Co., Ltd., the 
United Africa Co. of Ghana, Ltd., Compagnie Francaise 
de |’Afrique Occidentale, and the Union Trading Co., 
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Ltd., with the Government of Ghana retaining its 
existing investment. The Commonwealth Development 
Finance Co., Ltd., may also supply part of the additional 
long term capital which will be needed by the company. 
Arrangements will be made whereby, when the rolling 
mill is in full operation, shares in the Company will be 
available for investment by the Ghanaian public. 


United Steel’s Output Record 


STEEL output of The United Steel Cos., Ltd., was an all- 
time record at 3,284,170 tons during the financial year 
ended 30th September, 1960 (53 weeks), exceeding the 
previous year’s output (52 weeks) by 687,298 tons. This 
is an increase of about 27°. Pig iron production also 
reached a new high level of 2,008,094 tons, compared 
with 1,757,413 tons in 1958/59. In addition, new records 
were established for iron ore and coke production. All 
the steelmaking branches of the company contributed 
towards the record results, and as production continues 
to be maintained at a high level, it is now almost certain 
that the figures for the calendar year 1960 will show a 
corresponding improvement over 1959. 


Personal News 


Tue board of directors of Vickers Research, Ltd., is 
now reconstituted as follows: Mr. A. H. Hirp, (chair- 
man), Dr. C. F. Barkerorp (managing director), Mr. 
W. D. Opner, Mr. W. D. Pucu, Mr. L. Repsnaw, 
Mr. 8S. P. Woopiey, M.B.E., Mr. R. P. H. Yarr: 
the secretary is Mr. A. D. Reap. Research at present 
being conducted at Sunninghill, near Ascot, on behalf 
of the Vickers group includes a variety of projects in 
the sphere of nuclear, medical, chemical, hydraulic and 
electrical engineering. 

Mr. J. M. MitcHe ut (president of Alcoa International, 
Inc.) and Mr. M. J. 8. CuapHam (chairman of I.C.I. 
Metals Division) have been appointed directors of Almin, 
Ltd. Mr. W. Brrxine and Mr. J. M. Granam (directors 
of Almin, Ltd.); Mr. J. M. Mrrcney ; and Mr. 8. W. 
Weysom (deputy treasurer, I.C.1.) have been appointed 
directors of Imperial Aluminium Co., Ltd. 

Ir is announced that for reasons of health Mr. T. Jotiy, 
joint managing director of Guest Keen Iron & Steel 
Co., Ltd., will retire from his office and from the board 
on January Ist, 1961. 

Mr. J. H. Goss and Mr. J. A. Ricnarpson have been 
elected to the board of the International Nickel Co. of 
Canada, Ltd. Mr. Goss is vice-president and group 
executive of General Electric Co., which he joined as a 
design engineer in 1931, and Mr. Richardson is vice- 
president of James Richardson & Sons, Ltd., and a 
director of a number of Canadian companies. 


Mr. J. Botton, secretary for the last six years of the 
British Steel Castings Research Association, has been 
appointed director and secretary of the British Steel 
Founders’ Association in succession to Mr. R. BARBER, 
who has resigned in order to take up an appointment 
in industry. Mr. Bolton is succeeded by Mr. E. R. 
Smiru, who has been in charge of B.S.C.R.A.’s accounts 
department since 1952. Other B.S.C.R.A. changes 
include the appointment of Mr. C. M. Stocu as assistant 
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Lorries loaded with oil pipeline valves prior to leaving 
the Penistone works of the David Brown Foundries 


Division for Liverpool docks. The valves, each of which 


weighs 6} tons, will be installed by the Iraq Petroleum 
Co. in 24 in. diameter pipelines. 


director of research. Mr. Stoch has been in charge of 
the plant engineering and industrial health section 
since 1953, and for the past two years has been acting 
head of the steelmaking section. Mr. K. Kwyaaas, 
deputy for the past two years, has been appointed head 
of the steelmaking section. Miss C. M. G. McBroom, 
hitherto private secretary to the director has been 
appointed technical secretary. 

Mr. G. H. CLeaver has been appointed manager of 
metal research in the Amco division of American Metal 
Climax, Inc. 

Tue United Steel Cos., Ltd., announce that following the 
appointment by Tube Investments, Ltd., of Mr. G. E. D. 
HALAHAN, at present director and general works manager 
of Steel, Peech and Tozer, as director and general 
manager of the Round Oak Steelworks, Ltd., from 
Ist December, 1960, they have appointed Mr. H. 
DARNELL, director and general works manager of 
Workington Iron and Steel Co. as director and general 
works manager at Steel, Peech and Tozer. Mr. N. D. 
MACDONALD, at present works manager (iron) at 
Appleby-Frodingham Steel Co., is to be general works 
manager of Workington Iron and Steel Co. He is 
succeeded at Appleby-Frodingham by Mr. 8S. H. Brooks, 
with Mr. H. 8S. Ayres as assistant. 

Mr. G. W. Asuton, general works manager, and Mr. 
J. Ex.ior, secretary and chief accountant, have been 
appointed directors of Firth-Vickers Stainless Steels, 
Ltd. 


Mr. C. E. Passmore has been appointed field sales 
manager for the Midland region of Griffin & George 
(Sales), Ltd. 

Mr. C. E. Hotmstrom, J.P., chairman of Shepeote Lane 
Rolling Mills, Ltd., and a director of Firth-Vickers 
Stainless Steels, Ltd., has retired from the boards of the 
two companies. Mr. J. T. W. Dewar, managing 
director of Firth-Vickers Stainless Steels, Ltd., and 
Shepcote Lane Rolling Mills, Ltd., has been appointed 
chairman of Shepcote Lane Rolling Mills, Ltd. 
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Samvet Osporn & Co., Lrp., Sheffield, announce the 
following appointments to the boards of directors of 
companies within the group. To the board of Samuel 
Osborn & Co., Ltd.: Mr. A. Hurcurson, Mr. R. F. 
Horton, and Mr. I. G. Bucnan; becoming local 
directors of Samuel Osborn & Co., Ltd. : Mr. J. Wrt1aMs 
and Mr. V. P. Gires—Mnr. F. May to be chairman of the 
subsidiary board ; to the board of Burys & Co., Ltd. : 
Mr. R. Tuompson ; to the board of Osborn Foundry & 
Engineering Co., Ltd.: Mr. A. C. Dennis; to the 
board of Titanic Steel Co., Ltd.: Mr. F. A. Krrx. 


Nash & Tuompson, Lrp. announce the appointment 
of Mr. R. G. Smrru as contracts manager, responsible for 
all sub-contract activities of the company. Mnr. A. L. 
Lee has been appointed sales engineer for the Midlands 
and Northern England and is responsible for the sales of 
metallurgical, process control, survey and electronic 
equipment. Prior to joining Nash & Thompson he was 
in the technical sales department of Cooke, Troughton & 
Simms, Ltd., for eight years. Mr. D. H. Yates has 
joined the company as sales office manager, having 
previously been with A. H. Hunt (Capacitors), Ltd. He 
has taken over from Mr. D. Morris who is joining 
another company. The position of chief inspector has 
now been filled by Mr. A. Warp who was previously 
with the Wayne Kerr Laboratories, Ltd., and various 
Government establishments. 


Mr. J. Favuxps, formerly a service engineer, then a 
contracts engineer at the Hillington factory of Kelvin 
Hughes, has now become the technical sales represen- 
tative for Kelvin Hughes products in the counties of 
Northumberland, Durham, Cumberland, Westmorland, 
North Riding of Yorkshire and Barrow-in-Furness. His 
address will be 110, Claremont Road, Whitley Bay, 
Northumberland. 


Mr. J. C. Reep, formerly sales engineer of Birmingham 
Aluminium Casting (1903) Co., Ltd., has been ap- 
pointed sales manager of the company. 


FLeTcHerR Lrp., manufacturers of cutting and 
lubricating oils, have appointed as applications engineer 
at their head office and works, Mr. B. Fraser, formerly 
assistant chief manufacturing development engineer 
with the guided weapons division of English Electric 
Aviation, Stevenage. 


West Instrument, Lrp., of Brighton have opened a 
new sales and service office in South Wales. Situated 
at 63, The Exchange, Mount Stuart Square, Cardiff, 
telephone Cardiff 23325, it is to be headed by Mr. 
L. G. A. Gase, formerly an executive at the London 
office of Honeywell Controls, Ltd. Mr. D. R. H. Lane 
joins the London office staff of the company. 


Mr. A. Ratcrirre has been appointed a director of 
Metals Division, Imperial Chemical Industries, Ltd., and 
a joint managing delegate director of Marston Excelsior, 
Ltd., a subsidiary company of I.C.I. At Marston 
Excelsior, he succeeds Mr. W. Rosson who retired on 
30th September. Mr. Ratcliffe who will also join the 
board of another subsidiary, Lightning Fasteners, Ltd., 
has for the past nine years been production director, 
and latterly also engineering director, of L.C.I. Salt 
Division. 

Worr Execrric Toots, Lrp., announce the appointment 


of Mr. D. F. Kershaw as general manager of their 
Canadian branch. 


Obituary 

WE regret to record the death of the following : 
Mr. D. Lutuer Patuipes, who joined the British Iron and 
Steel Research Association in the early days of 1946, 
when the Association opened its laboratories at Sketty 
Hall, near Swansea. For eight years he led the Sketty 
Hall team in a succession of important research projects 
related to the coating of steel, when his long connection 
with local industry was of the greatest value in forward- 
ing the success of the research programme. In 1954 he 
retired from his position as head of the Sketty Hall 
Laboratories under age limit, but continued to act in a 
consultative capacity subsequently. 

Luther Phillips’ association with the Welsh steel 
industry was not only of long standing but was very 
wide. In 1911 he graduated with honours in chemistry 
at the University College of Wales at Aberystwyth, and 
was later awarded an industrial bursary at Baldwin’s 
Iron and Steel Works at Landore. Subsequently he 
became, in succession, chief chemist and metallurgist, 
and blast furnace manager, and in 1928 was made works 
manager at Landore. In 1931 he took up the position 
of senior research officer to the local Steel Tinplate 
Associations at the Metallurgical Department, University 
College, Swansea, and in 1937 he visited the United 
States on behalf of the local Research Committee. It 
was at that time that his work on strain age hardening 
culminated in a joint paper with Dr. C. A. Edwards and 
Mr. H. N. Jones on “ The influence of some special 
elements on the strain age hardening and yield point 
characteristics of low carbon steels.” This paper 
excited considerable attention as indicating a new and 
fruitful approach to an important problem. 

During his long association with B.L.S.R.A., Luther 

Phillips made a host of friends, being by nature a man 
of wide interests and great warmth of character. Every- 
one who knew him will regret the passing of a delightful 
personality who carried his learning lightly and earned 
widespread respect and affection. 
Mr. W. H. A. Rosertson, founder of W. H. A. Robert- 
son & Co., Ltd., Lynton Works, Bedford, who died at 
his home in Leighton Buzzard on 21st September at the 
age of 79. Mr. Robertson was educated at St. Paul’s 
School and at the age of 17 went as a premium pupil to 
the famous engineering firm Maudslay Sons and Field, 
Lambeth. After completing his apprenticeship he was 
employed by the Sturtevant Engineering Co., Ltd., and 
also W. H. Allen Sons & Co., Ltd., Bedford. In 1904 he 
joined the Elliott Metal Co. (now part of I.C.I. Metals 
Division) as chief engineer. 

In 1907, at the age of 26, he founded the firm of 
W. H. A. Robertson & Co., Ltd., now part of the Tube 
Investment organisation, to manufacture rolling mills 
and metal working machinery, commencing operations 
with five employees. Mr. C. E. Davies, now a director 
of the company and still very active, joined him at the 
start of the company which now employs about 1,250 
people. Mr. Robertson retired from active participation 
in the management of the business in 1954, but remained 
a director until his death. 

Mr. Robertson was a member of the Institution of 
Mechanical Engineers, the Institute of Metals, the Iron 
and Steel Institute and the Junior Institution of 
Engineers. It was the initiative shown by him that was 
responsible for the starting of the Institute of Metals of 
which he was a founder member and later a life member. 
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RECENT DEVELOPMENTS 


MATERIALS : PROCESSES : EQUIPMENT 


Gas Welding Accessories 


Two kinds of rubber pressure hose designed to give 
increased safety are now being marketed by British 
Industrial Gases, Ltd. One is a twin-bore type made of 
reinforced rubber, each bore having a diameter of # in. 
By splitting the tubes apart at the end of the hose, two 
connections can be made, while only one length of hose 
trails between gas cylinders and equipment. Twin hoses 
with a range of bores of up to j in. can also be made avail- 
able. The other new type of hose is specially designed 
for use with propane, and is stocked in all sizes. It is 
lined with nitrile or neoprene, which are not affected by 
liquid propane and will, therefore, give longer life and 
increased safety. 

New and cheaper oxygen and acetylene regulators 
(the 69.1 and 68.I respectively) in which the cylinder 
contents are indicated by a calibrated plunger instead 
of a gauge, have also been introduced recently by the 
company. The regulators, which are of the single stage 
type, are designed for rough usage and are small and 
robust. Special account has been taken of the effect of 
cylinder movement on regulators, and the new instru- 
ments are difficult to damage even with the roughest 
manhandling of cylinders: they will be of great value 
in the scrap industry where fine pressure adjustment 
is unnecessary. 

British Industrial Gases Lid., 700 Great Cambridge Road, 

Enfield, Middlesex. 


Rotary Furnace 


Dowson & Mason, Lrp., are now able to make available 
in this country a gas-fired rotary furnace designed and 
developed by their American associates, the Rational 
Furnace Corporation of Providence, R.I. This furnace 
was designed primarily for heating stainless steel rods 
prior to rolling to knife-blade thickness in a standard 
rolling-mill, but it obviously has many other industrial 
applications. 

The furnace body is a welded steel cylinder, with a 
74 in. thick refractory lining, and stands on an angle-iron 
frame. Inside the furnace chamber is a spider carrying 
twelve alloy cups, each 4} in. inside diameter and 10 in. 
long, equispaced on a P.C.D. of 25 in. The spider, 
which slopes backwards at an angle of 5° to prevent the 
contents from falling out of the cups, is mounted on a 
shaft which protrudes through the back of the furnace 
chamber to the driving mechanism. The shaft is 
supported in standard bearings, and heat-losses are 
minimised by the incorporation of a special heat-seal. 
The shaft is driven by a }-h.p. electric motor, and 
indexed in twelve positions by an air-operated cylinder. 
The distance between the end of the cups and the front 
of the furnace may be varied by means of a screw 
mechanism operated with a handwheel. The front of 


the furnace chamber is attached to the body with four 
bolts, and can easily be removed for maintenance. 

In the centre of the furnace-front is a gas-burner 
(with continuous pilot-burner), whose flame plays on a 


The 


refractory cone cast in the centre of the spider. 
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angle of the cone is designed to give optimum heat- 
circulation in the furnace. Interchangeable burners 
can be supplied for the various uses to which the furnace 
may be put. In the “three o'clock” position on the 
furnace front is a square aperture whose centre is on 
the P.C.D. of the cups, and 42 in. from the ground, 
which acts both as a loading-hatch, and as a flue. An 
air-curtain directs the spent gases up a water-cooled 
chimney. 

After the furnace has been brought to working tem- 
perature, which takes about two hours from cold, the 
operator loads the cup behind the hatch with the 
pieces to be heated. Pressure on a knee-switch causes 
the spider to turn to the next indexed position, the 
operator loads the next cup, presses the switch, and so 
on until all twelve cups are full. By now, the pieces 
first loaded will have been in the furnace for upwards 
of two hours, and after the next press of the switch, they 
may be removed and transferred to the rolls. The 
distance from the centre of the hatch to the side of 
the furnace chamber is only 13 in., so that a minimum 
of heat will be lost in transferring the work. When the 
cup has been emptied, it is re-loaded before the next 
cup is brought into position. It will be noted that as 
the charges are carried round the furnace, each will 
turn relative to the others, and perfectly uniform 
heating is thereby ensured, 

One customer has been using the furnace for heating 
stainless steel rods 4} in. in diameter and 10} in. long 
to a pre-rolling temperature of 1,400° F. (760° C.). 
Fifty rods are placed in each cup and remain in the 
furnace for about 2} hours, giving an output of 250 rods 
per hour. 

Dowson & Mason, Ltd., Alma Works, Levenshulme, 

Manchester, 19. 


15-MeV Mobile Betatron 


For non-destructive testing of steel thicknesses of up to 
4 in., the majority of supervoltage X-ray units and 
radioactive isotopes currently used are sufficiently 
powerful. Above this thickness, however, exposure 
times become unacceptably long, and the need arises for 
a powerful X-ray generator which possesses an extremely 
high degree of sensitivity when dealing with thick 
structures. 

The Siemens 15 MeV mobile betatron, which has been 
introduced to the market by Pantak Ltd., comprises 
essentially an electromagnet shaped in the form of a shell- 
type transformer which contains an air gap in its middle 
leg. The function of this A.C. excited transformer is 
to create a magnetic flux in which electrons are acceler- 
ated almost to the speed of light in a doughnut shaped 
accelerator tube which surrounds the electromagnet. 
The flux produced by the field varies rapidly in shape 
from the injection stage, when electrons are injected from 
a cathode filament, through four following stages of 
deflection and transfer into the magnetic field, a packing 
phase, a distribution phase, and a phase when the flux is 
constricted, this leading finally to the emission of elect- 
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rons which strike a platinum target and thus give rise 
to extremely high energy X-rays. During this process 
the electrons travel approximately 1,000 miles. 

The magnet responsible for this process, has two 
rotation-symmetrical poles with parallel faces arranged 
as a two-legged yoke, the distribution of the field produced 
being governed by pole pieces which are clamped bet ween 
the poles. These pole pieces are critically important in 
that they govern the location of the orbit of the flux and 
the strength of the magnetic force which stabilises it. 
Both the pieces and the surrounding accelerator tube 
are pneumatically pressed into contact with the magnetic 
yoke, which gives stiffness and protection during trans- 
port, in addition to damping down both transformer 
noise and vibration. 

The accelerator tube is constructed of a ceramic known 
as frequenta, the inner wall of this doughnut tube being 
coated with a metal film. The materials used are de- 
gassed and the tube is evacuated to the low pressure of 
10° torr. The tube is sealed by a 30 micron thick nickel 
foil, through which electrons accelerated in the flux by 
the magnet may leave if the production of free electrons 
is required. For X-ray work, however, these electrons 
are arranged to graze a platinum target which is fixed 
to the inner wall of the tube, the resultant X-ray beam 
being taken out through the frequenta wall of the tube 
without a window. 

The magnet coils are energised by a regulating trans- 
former connected directly to a 50 cycle 3-phase mains 
supply, the consumption amounting to approximately 
12 kVA., and a regulator is employed to correct mains 
voltage fluctuations between 180 and 240 volts. The 
betatron is operated from a small portable control case, 
and with a total weight of under 3} tons it may be 
readily transported by truck from site to site. 

The substantial savings in exposure time which can 
be made with this new tool are shown for example by the 
fact that exposures for steel thickness of between 6 and 8 
ins. are only a few minutes, whilst that for a 16 in. 
thickness of steel is between one and two hours as 
compared with an exposure of several days which would 
be required with a supervoltage X-ray tube of the 
conventional type. Apart from this saving, a new 


technique of radiographing a workpiece whilst still hot 
is opened up, and since the cooling-for-examination stage 
is one where flaws may develop, the elimination of this 
stage in thick section fabrication will lead to the pre- 
vention of costly flaws in this type of work, as further 
fabrication can follow inspection without the need for a 
The third point of 


fluctuating temperature gradient. 


note is the fact that a magnification technique, giving 
an image of up to three times the size of the flaw, can 
be used with this betatron. 


Pantak, Ltd., Vale Road, Windsor, Bucks. 


Duorider Balance 


In recent years the research and development establish- 
ment of Griffin & George, Ltd., has been engaged in 
overcoming the several obstacles to the provision of first- 
class balanees at reasonable cost, and the new Griffin 
Duorider balance marks another step forward in this new 
approach to the design of general purpose balances with 
analytical features. 

The new balance has a shortened limb for easier 
weighing, combined with a single limb bow eliminating 
impedance ; an inclined pointer scale rising with the 
pointer to facilitate reading and reduce parallax fully 
relieved agate knives ; an easily and rapidly positioned 
pillar ; a rider bar which eliminates fractional weights ; 
and chemically stable, non-magnetic, easily cleaned 
stainless steel pans. The name of the balance derives 
from the fact that the metal rider-bar, chemically etched 
and individually anodised and dyed black, with white- 
filled graduations, carries two captive riders of 1-0 and 
0-lg., respectively, moving over 9 notched divisions 
from left-hand zero to centre and over 50 divisions from 
centre zero to the right. The capacity of the balance is 
250g. and the sensitivity 2 mg. The finish is plating or 
hammer-finish for all metal parts except pans and rider 
bar, and the base is of moulded plastic. 

Griffin & George, Ltd., Ealing Road, Alperton, Wembley, 

Middlesex. 
Pure Metaloids 
Jounson, Matthey & Co., Ltd., are now producing very 
pure arsenic, antimony, tellurium and bismuth on a 
commercial scale. By means of newly developed tech- 
niques, arsenic is being produced with an impurity level 
of the order of 1 p.p.m., detected by use of present known 
and accepted spectrographic methods. The element is 
in the form of crystalline lumps and is packed in vacuum- 
sealed glass tubes. Antimony, with a maximum metallic 
impurity content of 5p.p.m., and bismuth, with a 
maximum level of metallic impurities of 10 p.p.m., are 
being produced in ingot form. Zone-refined tellurium, 
with a metallic impurity content of the order of 1 p.p.m., 
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is also available in bulk, in the forms of ingot or grain. 

Of increasing importance to the semiconductor in- 
dustry, these four high purity metals find growing 
application in the form of intermetallic compounds. For 
example, gallium arsenide is used in the production of 
special diodes and transistors, indium antimonide and 
indium arsenide are used for magneto-sensitive devices, 
and bismuth telluride is used in Peltier cooling units. 


Johnson, Matthey & Co., Lid., 73-83 Hatton Garden, 
London, E.C.1 


New Range of Simple Scanners 


Fitting the gap between the electronic strip chart 
recorder and complex data handling systems, a range 
of simple scanners is announced by Honeywell Controls, 
Ltd. The new units, of British design and manufacture, 
will scan process variables at either two or seven points 
a second. They contain no moving parts (except one 
gold-plated uniselector), and since slidewires and 
servo-motors are eliminated, longer life is obtained. 
There is no “ print out ’’—only an alarm and an annun- 
ciator panel using Nixie lights to indicate points scanned 
and points off-normal. The new scanners are thus 
ideal for process industries where permanent records 
are not required and only off-normal points are of 
interest. 

Known as Types B, C and D, these units use the 
principle of comparing incoming voltage against a pre- 
set alarm level, in a non-indicating device called a 
blind amplifier. An ElectroniK indicator will be 
included for setting up alarm levels and monitoring 
single points. Optional facilities include flashing alarms, 
recycling, alternative input switches and a means of 
varying the number of input points and set points. 

Type B, accurate to + 40uV., scans at two points a 
second and has a common red light and Klaxon alarm 
for each group of twelve points. Setting is made by 
means of ten-turn analogue potentiometers. The scan- 
ner stops when an off-normal point is detected, and 
re-commences on manual restart. Type C is similar 
in principle but has one alarm light per point and a 
“memory ”’ to mark the fault while scanning continues. 
Type D, accurate to + 10 V., is much faster at seven 
points a second, has one red light per point and a 
“memory.” It incorporates a pinboard method of 
setting alarm levels based on techniques used in full- 
scale data handling systems. 

All the new scanners will be constructed of drawer 
units to fit a standard relay rack approximately 7 ft. 
high. The design includes plug-in drawer units and 
lift up trays for ease of maintenance. The new simple 
scanners are additional to the existing Honeywell data 
handling equipment, and to scanners with slidewires 
and motors. 

Honeywell Controls, Lid., Ruislip Road East, Greenford, 

Middlesex. 


Multi-Specimen Creep Testing Machine 


Tue research and development department of The 
United Steel Cos., Ltd., has designed a compact creep 
testing machine which is now being built and marketed 
by Distington Engineering Co., Ltd. It is expected to 
have many applications in industries concerned with the 
design and manufacture of steel parts for service con- 
ditions in steam boilers and turbines, gas turbines and 
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certain chemical plant. Known as the Unisteel multi- 
specimen creep testing machine, it is designed to 
accommodate either four high-sensitivity tests or twelve 
stress-to-fracture tests on the one machine with one 
furnace and one temperature controller. The machine 
incorporates four loading systems, each of which caters 
for one high-sensitivity test or three stress-to-fracture 
tests in series. Many years of experience in the use of 
creep testing machines have gone into the design and 
construction of the new model, a special feature of which 
is the concentration of a number of testing stations 
within a comparatively small space. The machine 
occupies a floor space of only slightly more than one 
square yard and can be installed in rows at 4 ft. centres. 
This compares very favourably with the usual single 
specimen machines, while the machine cost per test 
point is competitive with other machines on the market. 
For compact installations, guards can be fitted to prevent 
accidental contact with the loading weights. 

The Unisteel machine can be used for the application 
of loads up to three tons on a specimen. The complete 
unit comprises the creep testing machine itself ; a furnace 
consisting of a fused-silica tube wire-wound in three 
zones for resistance heating, encased in a polished stain- 
less steel cylinder; a control panel, incorporating an 
electronic temperature controller ; and two auxiliaries 
—a ratchet spanner and lifting jack—which can be used 
with a number of machines. 

Distington Engineering Co., Workington, 

Cumberland. 


Cassel Ajax Salt Baths 
Five new types of electrically heated units are now 
being added to I.C.I.’s range of oil and gas fired Cassel 
salt bath furnaces. Made by the company’s General 
Chemicals Division and sold both in this country and 
in a number of overseas territories under exclusive 
licence from the Ajax Electric Company, Philadelphia, 
U.S.A.; they are available in various sizes. 
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Three of the new types, known as the Cassel Ajax 
S.R., 8.8. and Q., are electrode-heated furnaces with 
rectangular pots. The salt in the pots is heated by 
current passing between electrodes immersed in the 
salt, and the life of the pot is therefore far longer than 
that of pots heated externally by gas or oil. Continuous 
operation is recommended. The 8.R. furnace is used 
for heat treatment with neutral salts in the temperature 
range 700-1,000° C.: the pot is made of interlocking 
refractory bricks and should last from one to three years. 
The 8.8. furnace is used for carburising with various 
salts containing cyanide in the temperature range 
650-1,000° C. In this case the pot is made of mild 
steel plate and should have a life approaching one year. 
The Q furnace is used for quenching and secondary 
hardening of high speed steel in the temperature range 
500-700° C., and the pot of mild steel plate should last 
up to two years. 

The two remaining Cassel Ajax furnaces, the T. and 
T.1.Q. types, for lower-temperature working, are fitted 
with immersion heaters. Here the heat is produced 
in resistance elements immersed in the salt and suitably 
protected. So, in these furnaces also, the pot does not 
have to transmit heat, and should last several years. 
The Ajax T. furnace, used for tempering steel and heat 
treating aluminium alloys in the temperature range 
160-400° C. (special furnaces for temperatures up to 
500° C. are available), has a pot made of mild steel 
which should last four to five years. The T.1.Q. furnace 
is used for quenching steel during austempering or 
martempering treatments, and agitation of the salt 
bath is arranged so that parts being quenched are 
exposed to a uniform flow of molten salt which extracts 
heat rapidly and with minimum distortion of the work. 
The pot is air cooled externally to prevent the salt 
rising in temperature. If parts have just been aus- 
tenitised in a high temperature salt bath, a separating 
chamber is provided in which the high temperature 
salt is removed. 


Imperial Chemical Industries, Ltd.. Imperial Chemical 
House, Millbank, London, S.W.1. 


High Range Pressuretrol 


A RECENT addition to the Honeywell range of pressure 
controllers is the new industrial Pressuretrol, model 
P428, designed for general applications requiring 
control or limiting of gas or liquid pressures up to 
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3,000 lb./sq. in. It can operate alone as a controller 
or with other instruments for limit, alarm or signalling 
service. Five ranges are available, from 30-300 Ib./ 
sq. in., to 300-3,000 Ib./sq. in. 

The industrial Pressuretrol consists of a mercury 
switch operated by a corrosion resistant Bourdon tube, 
enclosed in a heavy steel case which resists dust, weather 
and corrosion. Pressure setting knobs are conveniently 
located on the front, and tamper-proof knobs can be 
provided if desired. Switch action is SPST, make or 
break on pressure rise, depending on the model. The 
position of the mercury switch is visible through a 
window in the front of the case. An explosion-proof 
model is available for use in hazardous atmospheres. 


Honeywell Controls, Lid., Ruislip Road East, Greenford, 
Middlesex. 


Oxygen-Free High-Conductivity 
Copper Anodes 


OxyYGEN-FREE high-conductivity copper anodes will 
shortly be available in this country through W. Canning 
& Co., Ltd. These anodes have been successfully used 
in the U.S.A. for several years and have only just become 
available in the U.K. A number of advantages over 
extruded or electrolytic copper anodes are claimed. 
The absence of oxide means that there is more copper 
for plating available per unit volume of anode than with 
other types, and that the amount of sludge formed is 
extremely small. In properly controlled cyanide 
solutions the anode surface is completely free of film and 
reveals the characteristic large crystal plate formation. 
Furthermore, the uniform characteristic crystal structure 
permits the anodes to dissolve uniformly with complete 
absence of under-cutting or graining. The uniform 
dissolution at solution level as well as below the surface 
enables the anodes to be used until they have almost 
completely dissolved. The combination of these factors 
makes for improved deposit quality. 

Oxygen-free high-conductivity copper anodes will be 
supplied in an oval cross section of 1} in. by 3 in. and 
in standard lengths up to 54 in. long. 

W. Canning & Co., Ltd., Great Hampton Street, 
Birmingham, 18. 
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Tomatoes grow fat and ripe in the controlled heat of the 
greenhouse—and metal parts receive the best heat 
treatment in ‘Cassel’ salt baths. 
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accurate than any of the extant rapid methods. 


LABORATORY METHODS 


MECHANICAL - CHEMICAL - PHYSICAL - METALLOGRAPHIC 
INSTRUMENTS AND MATERIALS 


A Rapid Accurate Method for the Determination of 
Silicon in Carbon and Low-Alloy Steels and Cast Irons 


By C. G. Westwood, L.LM. 


It is claimed for the method that it is more rapid than any of the extant accurate methods and more 
The reliability has been proved by many hundred 
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estimations during the development of the method, and it has now been in use with complete success 


for some months, in the laboratories of two commercial iron foundries. 


It has been applied to cast 


iron and carbon and low alloy steels ; it has not yet, to the author's knowledge, been applied to higher 
alloy steels and cast irons, but subject to normal interfering elements, there seems no reason why the 


HE method to be discussed here is in no way new 

in fundamental concept, but originated from a 
consideration of the well-established modified 
Regelsberger method'* employed for the determination 
of silicon in aluminium-silicon alloys. It is well-known 
that in this modified procedure the conventional double 
evaporations necessary in the classical Regelsberger 
method’ are avoided. This is accomplished by the 
addition of a specified amount of gelatine at a critical 
stage in the method, resulting in the conversion of 
orthosilicic acid from a hydrosol to a hydrogel of silicic 
acid, in a single step and without any true dehydration 
being carried out. This process is termed gelatine 
flocculation, and by its use lengthy double evaporations 
are avoided ; the method is very much simplified, and 
a considerable time saving results. In addition to this, 
further advantages are claimed for the use of the modi- 
fied Regelsberger method, and these will be discussed in 
some detail at a later stage. 


The gelatine flocculation technique does not seem to 
have been applied to the determination of silicon in 
ferrous materials to any great extent. To the author's 
knowledge there has been no recent published work on 
this topic. However, gelatine has been used* as a 
coagulating agent to facilitate the filtration of silicic 
acid in ferrous and non-ferrous materials after de- 
hydration of the orthosilicie acid has been achieved by 
conventional fuming with sulphuric or perchloric acids. 
There are, of course, several methods readily available 
for the gravimetric determination of silicon in ferrous 
materials. These include both single and double 
evaporation methods, but in each, complete dehydration 
of the orthosilicie acid must occur in order to obtain 
quantitative results. The single evaporation methods, 
which may be of either the “single baking” or the 
“ single fuming ” type, make up the bulk of the quicker 
methods in general laboratory use. The main disadvan- 
tage of these methods is the comparatively low results 
obtained as compared with the more lengthy double 
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method should not be extended to these materials. 


TABLE L.—-RESULTS ON RLIDSDALE STANDARD HEMATITE IRON No, 236 


© Mn Si s P Ni Or Mo v Ti 
Complete 
Analysis (%) 3-07 1-31 2-04 06-051 0-051 <2 0 O16 < O1 0-018 0-072 
Silicon Percentages Obtained by Standardising Analysts Author's 
Results 
Perchiloric 
Analyst Nitro-Sulphuric Acid Method Acid Method (elatine 
No. . - Method 
Single Double Double 
Evaporation Evaporation Evaporation 
1 1-95 2-06 2-08 2-06 
2 2-07 2-02¢ 
3 1-98 2-02 2-06 
4 - 2-02 2-06* 
5 1-98 2-07 2-06 
6 | 2-00 1-99 } 2-08° 
7 i — 2-02 2-00 
8 | 1-92 2-00 2-06° 
9 2-01 2-08 
2-oR® 
Average 1-96 2-04 2-03 | Average 2-056 


or 2-06 


| No HP treat- 
| Ment except 

where indicated 
| by * 


All results after HF treatment 


evaporation methods. This point is well illustrated by 
reference to the silicon figures quoted in Table I, for the 
hematite iron (B.C.S. No. 236) used in this investigation : 
it will be noted that the differences quoted between 
double and single evaporation methods are appreciable. 
Silicon figures obtained by numerous analysts using 
single evaporation nitro-sulphuric acid methods are, on 
the average, 0-08%, lower than figures obtained by the 
double evaporation perchloric method (B.S. 1121: 
Part 10: 1948). The merit of the more lengthy double 
evaporation method where accuracy is of utmost im- 
portance needs no further emphasis. It was also noted 
during the course of the experimental work that, as the 
percentage of silicon in a given sample increased, so the 
amount of silicon lost by using a single evaporation 
method increased proportionally. A high degree of 
accuracy is often not essential for the bulk of routine 
work, and single evaporation silicon methods are quite 
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adequate. The only disadvantage when using double 
evaporation silicon methods is the time consumed for a 
single determination, as much as 50°, more as compared 
with a single evaporation method. 

It was with the foregoing facts and problems in mind, 
that the improved gelatine flocculation technique dis- 
cussed here was developed, to meet the need for a quick 
and accurate method of determining silicon in pig iron. 
In the course of an investigation of the desulphurisation 
of pig iron® using solid lime, it was necessary to be 
able to establish with precision the silicon content of a 
large number of pig iron samples. At the conclusion 
of the experimental work some seven hundred pig iron 
samples had accumulated, and a precise silicon figure 
was required on each sample. This was no mean task, 
as it was realised from the start that the rapid single 
evaporation silicon methods available would not be 
sufficiently accurate. On the other hand, the more 
accurate double evaporation silicon methods available 
were far too time-consuming for the large number of 
determinations involved. It was decided that the 
method employed for the silicon determinations must 
give accuracies to within + 0-02°%, silicon in order that 
warrantable conclusions could be drawn. (The only 
conventional method that could achieve this was the 
double evaporation perchloric acid method—B.S. 1121 : 
Part 10: 1948—which as already stated was unsuitable). 

The need for the unusually high degree of accuracy 
for the desulphurisation problem was that it was desired 
to examine the part that silicon played during the 
transfer of sulphur from metal to lime. The amount 
of silicon associated with this transfer is only small, 
and it was calculated from the equation that 0-01%, of 
silicon is associated with a transfer of 0-023°%, sulphur :-— 

2CaO + 2FeS + Si = 2CaS + 2Fe + SiO, 

Thus, it was essential that the method of analysis 
employed should be capable of detecting small diffe- 
rences in silicon content, and should be capable of 
giving accuracies to within + 0-02°%, silicon, ie. 
0-046°, sulphur. 

For these reasons the gelatine flocculation method as 
applied to ferrous materials, and in particular pig irons 
with silicon contents ranging from 1-50 to 2-50°%, was 
pursued. The method and its development are des- 
cribed below. 


The Gelatine Flocculation Technique 

Reference to the literature dealing with the determi- 
nation of silicon by this procedure shows that in the 
main, the method is restricted to aluminium alloys, 
and that it is a further development of the classical 
Regelsberger method, first introduced in 1891. The 
use of gelatine as a flocculating agent for the silicic 
acid was developed in Germany during the second world 
war, to save time when determining silicon in the vast 
amount of light alloys used in the aircraft industries : 
it proved to be wholly successful. The modified 
Regelsberger method became popular in the United 
Kingdom and can be found in most textbooks dealing 
with the analysis of aluminium alloys. 

The salient features of the modified Regelsberger 
method are as follows. First, the simplicity and con- 
siderable time saving achieved by its use, coupled with 
the very important fact that the flocculation of the 
silicic acid is quantitative. Second, if washing of the 
flocculated silicic acid is carried out carefully and 
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correctly no subsequent hydrofluoric acid purification 
of the silica precipitate obtained after ignition is neces- 
sary. The modified method was found to cope easily 
with the high silicon aluminium alloys, and _ results 
obtained on these were found to be consistent and could 
be interpreted with confidence. The classical Regels- 
berger method may be compared with the standard 
methods in use for the determination of silicon in ferrous 
materials, in which dehydration of the orthosilicic acid 
is accomplished by fuming in sulphuric or perchloric 
acid. However, as previously stated, this process does 
not give quantitative results on a single dehydration, 
and if quantitative results are to be obtained a double 
dehydration technique must be employed. This makes 
these methods lengthy and tedious. In the modified 
Regelsberger method the conversion of orthosilicic acid 
from a hydrosol to a hydrogel is made complete by 
agitating the final solution vigorously, after the addition 
of a specified amount of gelatine solution. Thus, 
quantitative silicon results are obtained, without 
fuming or baking, and in a single step. This process 
is termed flocculation and produces a hydrogel of silicic 
acid which is readily filterable. The exact mechanism 
and chemistry of the flocculation process is not clearly 
understood. Analysts who have used this modified 
method, however, will agree that the method requires 
more attention to detail than conventional silicon 
methods if accurate reproducible results are to be ob- 
tained. This attention, is however, more than justified 
by the advantages obtained in the conversion of a long 
tedious method to a relatively short and simplified 
procedure. It can be appreciated, therefore, that with 
the successful application of this same flocculation 
technique to the silicon determination of ferrous mater- 
ials, a rapid, accurate and simple method might result. 


Experimental Work 


The experimental work was initiated by conducting 
relatively simple trial tests on a hematite iron (British 
Chemical Standard No. 236), the full chemical compo- 
sition of which is given in Table I. This iron was 
chosen for the trials because :— 


(a) it had a silicon content and chemical composition 
of the order desired ; and 

(b) the certificate of analysis issued with the iron 
gives comparative figures for silicon which have 
been obtained by three standard methods, one 
of which is a British Standard method (i.e. 
B.S. 1121: Part 10: 1948—Double Evaporation 
Perchloric Acid Method) : this method is claimed 
to give consistent accuracies to within + 0-02% 
on silicon contents up to 4-00°,. 


Samples of hematite iron ranging from lg. to 4-673g. 
were dissolved in hydrochloric-sulphuric acid mixture 
of a similar strength to that employed in the final stage 
during the determination of silicon in aluminium alloys 
using the modified gelatine method. When the samples 
were dissolved the solution was oxidised with dropwise 
additions of nitric acid, boiled down to a low bulk, 
cooled slightly and a solution containing 0-1 g. of 
gelatine added. This solution was agitated with a 
rubber-tipped “‘ bobby,” allowed to stand, and finally 
filtered and washed in the conventional manner. All 
results obtained were discouragingly low and_in- 
consistent. Furthermore, silica precipitates obtained 
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after ignition were all contaminated, mainly with iron. 
The procedure was repeated with fresh samples, but 
this time the final solution was boiled after the gelatine 
addition for five minutes, cooled, agitated and then 
filtered and washed as before. Once again the silicon 
results obtained were low and all silica precipitates were 
contaminated. It was discovered later that raising the 
temperature of the final solution above 80° C. after the 
gelatine addition renders the gelatine partly ineffective 
and quantitative results cannot be obtained. 


The initial attack employed was found to be un- 
suitable for two reasons :— 
(1) the rate of attack using the hydrochloric-sulphuric 
acid mixture was too slow ; and 
(2) it seemed obvious from the results obtained that 
the method of approach was not satisfactory. 


A new method of attack was therefore considered. 
The reluctance in the early stages of the work to use 
acid mixtures containing nitric acid will be noted. 
This was mainly due to an attempt to reproduce the 
exact conditions of the final acid solution used in the 
modified Regelsberger method. Obviously, if an acid 
mixture containing nitric acid had been used, the final 
solution would have needed fuming fairly strongly to 
remove the nitric acid. In doing this the object of the 
flocculation technique would have been defeated, i.e. 
dehydration of the orthosilicic acid would already have 
been partly accomplished. It is to be noted that the 
modified Regelsberger method does not make use of 
nitric acid : oxidation is achieved by the use of hydrogen 
peroxide. It was decided to use peroxide in future trials 
instead of nitric acid. At this point it could be seen that by 
trying to adhere rigidly to the exact conditions arising 
in the modified Regelsberger method little headway 
was being made, due mainly to the strong dissimilarities 
of the two alloys. Even the method of initial attack 
is dissimilar, aluminium alloys being attacked with a 
strong alkali and ferrous materials with mineral acids : 
thus, the nature of the salts present in the final solutions 
prior to dehydration bear no resemblance at all. It was 
therefore decided to find the acid or acid mixture that 
would give the highest rate of initial attack for the pig 
irons and commence from there, disregarding completely 
conditions arising in the modified Regelsberger method. 


After trying a variety of acids and acid mixtures for 
the initial attack, it was discovered that nitro-sulphuric 
acid mixture of critical strength gave the highest rate 
of initial attack using a standard sample weight and 
iron. The method first tried was then repeated again ; 
this time, however, the sulphuric-hydrochloriec acid 
mixture was substituted by nitro-sulphuric acid. 
Silicon results obtained were much improved, but still 
low, and ignited residues obtained were still slightly 
contaminated and required purification by standard 
hydrofluoric acid treatment. Contamination of this 
type suggested bad washing practice, but this was not 
considered to be the case. Care was exercised during 
washing operations and the 50°, hydrochloric acid and 
water used were very near to boiling point. If any- 
thing, the precipitates were being overwashed. At this 
stage of the investigation a new washing technique was 
suggested to the author.’° This consisted in washing 
the precipitated gelatinous silicic acid with hot 5% 
oxalic acid. This technique ultimately turned out to 
be so efficient that the old hydrochloric acid-water 
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It was 


washing procedure was completely abandoned. 
observed that by using the oxalic acid wash no further 
contamination of silica precipitates due to iron was 
experienced. From this it was concluded that in ferrous 
materials the high concentration of ferric chloride 
present after taking up dehydrated residues with hydro- 


chloric acid is an important factor. Also, the same 
difficulty is to be expected if hydrochloric acid is used 
as a wash for the removal of iron from a solution con- 
taining flocculated silicic acid but no hydrochloric acid 
(i.e. in a method where no hydrochloric acid is used at 
all because there is no fumed residue to take up; de- 
hydration is substituted by flocculation). It must be 
made clear that the precipitated silicic acid brought 
about by gelatine flocculation is more gelatinous and 
prone to coagulation than those obtained by conven- 
tional dehydration methods. The precipitate is there- 
fore more susceptible to contamination unless the 
necessary washing precautions are observed. For the 
above reasons the use of hydrochloric acid as a washing 
agent for this proposed new method was abandoned. 
Moreover, other reasons for condemning its use were 
found, and the ultimate method developed from this 
investigation does not require the use of hydrochloric 
acid in any stage. 

It should be mentioned here that the reason why no 
contamination due to iron was experienced in the 
modified Regelsberger method in which bulky gelatinous 
precipitates are handled is obviously due to the fact 
that the percentage of iron in aluminium alloys is small 
and rarely exceeds 1-00%. It is well-known that 
freshly precipitated silicic acid has a measurable solu- 
bility in certain mineral acids which cannot be totally 
eliminated, but can be reduced if certain precautions 
are observed. Hydrochloric acid has a fairly high 
solubility for freshly precipitated silicic acid, particularly 
if the acid is concentrated. Hydrochloric acid has a 
wide application for taking up fumed or baked residues 
in silicon and silica determinations prior to the filtering 
operations. If, however, the hydrochloric acid used 
is dilute the error that can be introduced by this means 
is small. It was stated by Hawley" that by far the 
largest and most troublesome error that arises in silicon 
determinations is due to the solubility of freshly pre- 
cipitated silicic acid in the hydrochloric acid. This 
error is much greater than most chemists realise. The 
amount of freshly precipitated silicic acid that dissolves 
in hydrochloric acid depends on the following con- 
ditions. First, the amount of acid present; second, 
the strength of the acid; third, the temperature ; and 
fourth, the length of time the silicic acid is in contact 
with the acid. These are the principal conditions 
governing the solubility of silicic acid in hydrochloric 
acid, though there may be others. By far the most 
important is the amount of acid used. Most chemists 
use acid of about the same strength to treat the de- 
hydrated silicic acid, and the determinations are brought 
to a boil, ensuring the same temperature. Few, how- 
ever, consider the importance of using a definite amount 
of acid. It seems to be a prevalent idea that the 
amount of silicic acid dissolved by the acid solution is 
proportional to the amount of silicon present in the 
sample. This is certainly not the case. Experiments 
prove clearly that when only small amounts of silicic acid 
are present, the amount dissolved is proportional to the 
quantity of acid solution present and not to the amount 
of silicon in the sample. It may seem to the reader that 


this point has been overstressed, but when an accurate 
method is being developed, traces of silica which are 
lost at progressive stages in a method become important. 
For example, it is often found that the amount of 
silica recovered during a second evaporation in standard 
methods does not normally exceed a few milligrams if 
a sound laboratory technique is employed. This 
amount of silica can easily be lost by solution of the 
freshly precipitated silicic acid after dehydration in an 
unsuitable mineral acid or strong solution of a mineral 
acid used to take up the dehydrated residue. For this 
reason the strength of hydrochloric acid to be used for 
taking up dehydrated residues in the British Standard 
method for silicon determinations is specified and 
should be kept constant. The following figures illustrate 
the relevant approximate solubilities of freshly pre- 
cipitated silicic acid in various commonly used mineral 
acids. 
Silica-mg. 

Nitrie Acid és : 

Aqua Regia .. .. 

Hydrochloric Acid 

Sulphurie Acid 

Perchloric Acid er 

It can be seen that the two most favourable acids to 

use are sulphuric and perchloric, but the above figures 
are not maximum solubilities. These may be exceeded 
if an unsatisfactory technique is employed. It was for 
these reasons, and other points brought out in the 
previous discussion, that the method to be described 
uses only nitro-sulphuric acid, with a boost oxidation 
in the early stages with hydrogen peroxide. It will be 
noted later that the silicic acid is flocculated in a solution 
that is mainly sulphuric acid. 


It has already been indicated that the first signs of 
success with this new approach were obtained when the 
samples of pig iron were attacked in nitro-sulphuric 
acid of a specified critical strength. The rough outline 
of this method is as follows. The samples were first 
attacked in nitro-sulphuric acid, and after complete 
solution a quantity of hydrogen peroxide was added. 
The peroxide addition was found to be an important 
factor in the successful accomplishment of this method. 
It was found that rapid and complete oxidation of the 
silicides in the iron at an early stage was very important, 
and the peroxide adequately filled the role of the oxidant. 
Directly the peroxide had done its work the solution was 
cooled and the gelatine added. The solution was then 
agitated as before, filtered, and washed with the oxalic 
acid. Silicon results obtained by this procedure were 
now more encouraging and were comparable with those 
obtained by single evaporation methods (for example, 
silicon figures obtained on British Chemical Standard 
hematite iron No. 236 averaged at 1-92°%). The 
figures obtained were calculated from direct weights 
of silica, without hydrofluoric acid purification. This 
was because the silica precipitates after ignition were 
extremely white and looked to be free from contami- 
nation. Random samples were given the hydrofluoric 
acid purification treatment and the weights of contami- 
nation did not exceed 0-0002 g. of silica, which is 
equiv. + to 0-0094%, of silicon on a 1-00 g. sample. 
In the ority of cases the weight of impurity was too 
small t detected. 

The cr. | point in the development of this new 
method came when it was discovered that to gain the 
full benefit from the gelatine flocculation process it was 


essential that incipient precipitation of the silicic acid 
must have commenced naturally in the acid solution, 
and be at a fairly advanced stage before the gelatine is 
added. It was at this stage in the work that the im- 
portance of temperature control during the gelatine 
flocculation process was found. If the temperature of 
the final solution exceeded 70-80° C., low results were 
experienced ; from this it was considered that at tem- 
peratures above this the gelatine becomes partially 
ineffective. This statement was not confirmed, but 
as long as temperature control was exercised no difficul- 
ties or low results arose. It was conclusive, therefore, 
that temperature control was essential if quantitative 
reproducible results were to be obtained. The outlines 
of the final method which proved wholly successful are 
now given. 

The sample of iron is attacked in the nitro-sulphuric 
acid mixture and towards the final stages of dissolution 
the peroxide addition is made. Following the peroxide 
addition the solution is boiled down fairly rapidly until 
incipient precipitation of the silicic acid is visible. The 
solution is held at this stage until the precipitation of 
the silicic acid is at a fairly advanced level. This stage 
can be judged very accurately. As soon as the solution 
commences to evolve clearly visible fumes of SO, the 
correct stage for removal has been reached. This step 
is the most crucial one in the whole process, and the 
success of the method depends upon it. If the solution 
is not removed at the precise moment and evaporation 
of the solution is carried too far, there is a danger of 
sulphates being precipitated from the concentrated 
solution, which means that the estimation has been 
ruined. Obviously, as no acid is used after evaporation 
in this method, any sulphates formed due to over 
evaporation of the solution will not be completely taken 
back when the gelatine solution is added. In fact there 
is little chance of any sulphates that are formed going 
back into solution at all, because during the flocculation 
process the solution cannot exceed 80°C. Also, any 
sulphates present in the solution prior to the filtering 
operation will not be removed during the filtering and 
washing process. 

After the critical stage just described has been passed 
successfully, the evaporated solution is cooled slightly 
and the gelatine solution added. After the gelatine 
addition has been made the resultant temperature in 
the solution should be between 60 and 70°C. The 
solution is then agitated vigorously with a rubber- 
tipped “ bobby ” to form a froth and to stir in as much 
air as possible, which favours the flocculation of the 
silicic acid. A minimum specified standing time of ten 
minutes is important, and should be strictly observed 
if extremely accurate results are to be obtained. How- 
ever, if the solution after “ bobbying”’ is filtered im- 
mediately, a result of fairly high accuracy can be 
obtained which in nine out of ten times is very near to 
the accuracy obtained by double evaporation conven- 
tional methods. 

It was observed in a series of test determinations that 
the gelatine flocculation process resulted in a very 
pronounced coagulation of the silicic acid, which facili- 
tated filtration and washing. The ignited silica 
residues obtained were consistently white and of high 
purity. Random samples were again given the hydro- 
fluoric acid treatment but the contamination experienced 
was not of sufficient magnitude to warrant any adjust- 
ment to silicon percentages obtained. Results obtained 
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FABLE Il, 


REstLTS ON BRITISH CHE a AL STANDARD HEMATITE 
IRON No. 236 


Analysis (%) | 


1/13 6-050 0-066 <0-02 0-02 <0-01 0-02 0-065 


Author's Results 
by 


ilies on ercents ages Obtained by Standardising Analyste 


Result 


Analyst No. | Gelatine Met hod 
1 1-77 1-78 
2 1-77 | 1-72 
1-78 1-76 
4 1-78 1-78 


1- 
6 1-76 1-80 
7 1-78 1-76 
1- 


Average 

Analyst No. § 2 used the nitro-sulphuric acid me sthod with 
double ev aporation. The remaining analysts used the 
British Standard perchloric acid method (B.S. 1121: | 
Part 10: 1948). All ignited the precipitate and treated | 
it with HF. 


Average 76% or 
1-7 


Nou treatment 


were of high accuracy and were now comparable with 
silicon results obtained by the British Standard method 
for silicon determination in ferrous materials (B.S. 1121 : 
Part 10: 1948). In fact most of the results obtained 
on the standard iron gave silicon figures slightly higher 
than those obtained by the British Standard method. 
A blank test was conducted with each set of silicon 
determinations initially, but this was later found un- 
necessary because no contamination or impurity pick-up 
was being experienced. It is recommended, however, 
that a blank determination be made on starting a new 
supply of gelatine and paper pulp clippings. 


Results 


The results obtained by this new method on the 
experimental standard iron are shown in Table I. 
These were so successful that the same method was tried 
out on more standard cast irons and steels, the results 
obtained being set out in Tables I-IV. 


The Method as Finally Developed 


Notes 

(1) This method has not been tried on irons and steels 
of the medium to high alloy type, and interference 
experienced from elements in conventional methods 
with a few exceptions is to be expected when using this 
procedure. Contamination due to lead found in some 
free machining steels can be effectively removed by the 
standard ammonium acetate wash, without compli- 
cation. However, the low alloy irons and steels can 
be effectively covered by this procedure, and any 
contamination experienced from the medium alloy 
steels or irons by particularly troublesome elements 
can in most cases be taken care of by the standard HF 
treatment if so desired. It must be emphasised that 
the procedure to be described here was not developed 
as a universal silicon method but as a method specifically 
for silicon determination in pig iron and, later, steels. 
Its wider application to steels, cast irons of the very 
high silicon type (acid resisting), steelworks slags, and 
refractory materials, etc., is well worth consideration. 


(2) As already noted, it was essential to keep time 
per estimation to a minimum. To this end the sample 
weight for pig iron was standardised at 1 g. and the 
sample ground extremely fine. 
rate of initial attack and solution. 
standardised for steel. 


This gave a very high 
A 2 g. sample was 
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TABLE LiL.—RESULTS ON BRITISH CHEMICAL STANDARD STEEL 


© Si we . Mn Or Oa As” 
Complete 0-32 0-27 0- 098 0-024 0-69 0- "19s 6-18 0-08 < 6-460-033 0-06 
Analysis 0-005 


Author’ Results 


Silicon, Pere Obtained by ‘Standardising Analysts 


by 
Gielatine Met hod 


“Analyst Ne. | Result 
2 0-274 282 
| 0-260 0-276 
‘ 0-269 


0-280 
| Average 0- 278 or 
0-28 


No HF treatment 


Analyst Ne. 8 used the standard photometi tric method 
B.S. 1121: Part 15; 1949. The remaining analysts 
used the standard gravimetric method B.8. 1121; Part 
10: 1948. Analysts 3 and 7 also used the standard 


photometric method and found 6-260% and 0-265%, 
respectively. 


TABLE IV.—RESULTS ON BRITISH CHEMICAL STANDARD No, 239 


Complete | C Si S P Mn Ni Ce Mo Ou V As Sn Go 
Analysis 
(%) j0- 317 0-24 0-047 0-023 0-73 0-23 0-10 0-02 0-31 = 


an Analyst 


Silicon tages Obtained by? 


‘Author’ Re 
by 


Analyst No. Result | Gelatine Method 

= 0-239 | 

0-246 o-245 

0-235 0-248 

4 0-245 O-244 

5 0-241 

6 | 0-235 Average 0-245 

> 

o-240 No HP treatment 

0-239 


0-240 


(3) As previously mentioned the condition of the 
gelatine solution used is very important and critical. 
The gelatine solution must be of high purity and sterile. 
It is recommended that a fresh solution be made up 
every day, and all solutions older than this be dis- 


regarded. 


REAGENTS REQUIRED 

Silicon Acid Mizxture—150 ml. of sulphuric acid 
(S.G.1.84) + 150 ml. of nitrie acid (S.G. 1.42) made up 
to | litre. 

Hydrogen Peroxide (20 volume strength). 

Gelatine Solution (1-00°%, solution).—Dissolve the 
gelatine in warm—not boiling—distilled water, make 
up to volume and use fresh. The gelatine solution can 
be kept sterile by making small additions of thymol. 
The thymol in sufficient quantity will prevent microbial 
growth. If for any reason the gelatine solution should 
become contaminated or cease to be sterile it will not 
function correctly. 

Oxalic Acid (5% 


PROCEDURE 

Attack the sample in 20-30 ml. of acid mixture in a 
squat 400 ce. beaker. Simmer gently on the edge of 
the hot plate until the sample is almost dissolved. Add 
10-15 ml. of hydrogen peroxide, and when the effer- 
vescence has subsided move the beaker into the hottest 
portion of the hot plate. Do not force the initial 
dissolution of the sample by vigorous boiling, or the 
solution may reach the critical stage too early and 
before the sample has been fully digested. 

Evaporate the solution until the critical stage is 


solution in distilled water). 


6 ‘ 
0 
| 
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reached, i.e. fumes of sulphur trioxide are just com- 
mencing to be evolved. At this stage incipient precipi- 
tation of the silicic acid will generally be visible. Remove 
the beaker from the hot plate, cool slightly, add 20 ml. 
of warm water, followed by 20 ml. of the gelatine 
solution. Immediately stir and agitate the solution 
vigorously with a rubber-tipped ‘ bobby ”’ for not less 
than two minutes, to form a froth and stir in air. Allow 
the solution to stand now for at least ten minutes in 
a warm place. Filter through papers if preferred, 
but for speed through a medium, ashless paper pulp 
pad using suction. Remove traces of silicic acid 
adhering to the sides of the beaker by “ bobbying ” and 
washing into the filter with hot distilled water containing 
50 ml. of the gelatine solution per litre. Wash the 
precipitate well (six to eight times) with hot 5% oxalic 
acid solution and carefully transfer to a fused silica or 
platinum crucible.* 


Ignite the filtered precipitate slowly at first to avoid 
any losses by mechanical scattering of the silica by 
escaping gases. Then raise the temperature to 1000° C. 
or more to expel the last traces of combined water : this 
is especially necessary with large bulky silica precipi- 
tates. After ignition cool the precipitate in a vacuum 


* A final wash after the oxalic acid/water washing, of industrial alcohol can be 
used if so desired. It is claimed that by this process the burning off time is 
reduced. 


dessicator, and weigh as rapidly as possible, since 
approximately 0-5-1-0 mg. of moisture is absorbed 
during the first minute or so of exposure to the atmo- 
sphere. This rapid rate of absorption of moisture 
decreases considerably after this time. 
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Griffin ad George Expansion 


N the short space of three weeks, Mr. K. G. Sinclair, 
chairman of the Griffin and George group of com- 
panies, officially opened new premises at two 

provincial centres, Glasgow and Manchester. The new 
Scottish headquarters at Braeview Place, Nerston, East 
Kilbride, is another step in the programmed expansion 
and development of the firm founded 134 years ago 
ten miles away from Braeview Place, in Buchanan 
Street, Glasgow, by John Joseph Griffin. The firm 
began as an offshoot of the publishing house, Richard 
Griffin and Co., and as the result of a book written by 
John Joseph Griffin describing experiments seen by him 
at Anderson’s University, Glasgow, which ran through 
six editions and created such a demand for the instru- 
ments described in the experiments that Griffin's 
Chemical Museum was founded to meet it. 

The transfiguration of Griffin’s Chemical Museum of 
1826 into the immense Griffin and George group of to-day 
is the result of over a century-and-a-quarter of planned 
expansions which have ever maintained the progressive 
outlook of the original founder. The business was moved 
to London in 1848, and in 1926, a hundred years after 
its foundation, it was merged with a business founded 
by John Tatlock in Glasgow in 1881, to form Griffin and 
Tatlock, Ltd. In 1944, the laboratory supply firm 
founded by Stanley Belcher and Edward Mason in 
Birmingham in 1906 was incorporated in Griffin and 
Tatlock, and in 1954, the greatly expanded requirements 
of modern industry and education led to the merger 
between Griffin and Tatlock, Ltd., and W. and J. George 
and Becker, Ltd., to form Griffin and George, Ltd., still 
based on the principle of scientific service by scientists 
for scientists as laid down by John Joseph Griffin in 
1826. In 1958 the company was reorganised on a group 
structure, and in 1960 one of the best known manufac- 
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turers of microscopes and optical instruments, R. and J. 
Beck, Ltd., joined the group. 

The new Scottish premises will unite the two former 
centres at Johnston Terrace, Edinburgh and Renfrew 
Street, Glasgow, which had become inadequate to handle 
the ever increasing demand in Scotland for the products 
of the group. Customers in the Edinburgh region will, 
on calling Caledonian 4868, be connected by direct 
telephone to East Kilbride at only the cost of a local 
call. 

The northern sales and service centre at Ledson Road, 
Wythenshawe, Manchester, 23, is a modern purpose- 
built building whose opening marks fifty years of the 
Griffin and George group of companies and their fore- 
bears’ establishment in Manchester. The policy of the 
group is to progress and expand, as the remarkable 
increase in its turnover (now £34 million per annum, 
with exports two-thirds up on last year) during the past 
few years has indicated. The capacity of the new 
warehouse is adequate—so it is calculated—to meet 
100°, sales increase in the future. 

Referring to the figures at the Manchester opening, 
Mr. Sinclair remarked “Competition is however, 
becoming more fierce, and overheads continue to rise at 
an alarming rate. In order, therefore, to trade at a 
reasonable profit level, commensurate with a total 
capital of £1,600,000 employed in this business, we shall 
have to continue to give more thought and care in 
improving our service to our customers,” — an outlook 
that could with profit be adopted by most firms. 


Reptiron, Lrp., a company in the Rediffusion group, 


has established Redifon Electronic, Inc., at 5265, 
Watson Street, N.W., Washington, D.C., U.S.A. 
METALLURGIA 
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COMBUSTOR OPERATION 


The stable toroidal flow pattern ensures cool 
refractory walls and highly pre-heated combustion 
air. The unusually high temperature prevailing 

in the pre-heated air/oil flame gives completely 
smoke-free, neutral or controlled oxidising products, 
very near theoretical temperature. 


PRE-COMBUSTORS | OIL GASIFICATION S 
%* High temperature Exceptionally fine atomisation combined with 

with exceptional highly turbulent mixing and intense radiation . OIL GASIFIERS 

turn-down provides a range of hot producer gases to choice, 
suitable for d gto f pam. * Soft, lazy radiant fiames 


* High or low excess air 
or completely 


* Atmosphere control by 
recirculation AUTOMATIC CONTROL combusted products 
Fully automatic control can be based * Any grade of fuel oll or 
on temperature, on atmosphere or on both. Burner coal tar fuel 


systems have press-button ignition and there is 


* Complete absence of : 
smoke and smut a flame failure control on each burner. * Continuous operation 


APPLICATIONS INCLUDE: meiting and Re-heating Furnaces, Annealing Ovcns, Core Stoves, Brick Driers etc. 
and the Auxiliary Firing of Waste Heat Boilers. 


Suppression of SO, 
formation 


* Instantaneous response 


For full details write 
5 Wadsworth Road : Perivale - Middlesex - Perivale 9511-6 


URQUHART’S (1 926) LIMITED Albion Dockyard - Bristol 1 - Bristol 26221-3 


have you a problem to do with 
metal preparation, rust removal 
or corrosion prevention? 

YOU HAVE? then read on.... 


WESTOLITE Rust Remover 


This is supplied in two forms: liquid and thixotropic. The former is recom- 
mended for dipping batches of ferrous metal goods. It is a particularly 
efficient phosphating material which combines effectively with the surface 
metal to produce a protective non-rusting layer. Thixotropic Westolite has 
been developed for use on industrial plant, structural steelwork, and in 
situations where immersion is precluded. In the form of a gell, Thixotropic 
Westolite becomes temporarily free-flowing when applied with a brush but 
after application resumes its paste-like consistency. Advantages include, 
adherence to vertical surfaces, no drips and no wastage. Technical details 


available on application. 


FERRIC SULPHATE 


As a pickling agent results in rapid, clean and fume 
free method of descaling stainless steel, copper and 
brass and an improved method of etching mild 
steel surfaces prior to coating. Non-fuming, non- 
toxic, safely handled. Full technical details available 


on application. 


E. & A. WEST LTD. also manufacture or supply a whole range of 
"industrial chemicals including Dipping Acid, Nitric Acid, and 
Hydrofluoric Acid. Full details on request. + eT 


TECHNICAL ADVISORY SERVICE 


E.& A WEST LTD.., can provide the answer 

to most problems relating to the preparation 

of metal surfaces, rust removal and corrosion 
vention. Our Technical Advisory Service 

is at the disposal industry one will 

to get to grips with your particular problem. 

‘The answer may even be in their impressive E. & A. WEST LIMITED., 

library of “case histories", so do not hesitate 

to call them in. The service is quite free and Parcel Terrace, Derby. Telephone: Derby 45008. 


.non-obligatory. 
CHEMICALS FOR INDUSTRY 
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High Temperature 
VACUUM 
FURNACE 


Interior of high temperature Vacuum Furnace 
constructed from MOLYBDENUM SHEET im 
with TUNGSTEN ROD Heating Elements [im 


ins. 
Length 4 ft. ye Width i6ins. ye Depth 6 ins Furnace chamber open, showing 
interior in position. 


MUREX LTD. (Powder Metallurgy Division RAINHAM «+ ESSEX 


Telephone : Rainham, Essex 3322 Telex 28632 Telegrams : Murex, Rainham-Dagenham Telex. 
LONDON SALES OFFICE: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.1. Telephone: EUSton 8265 


of precision casters 
in the U.K. are using 


RMC crucibles in use by Trucast Lid 


@ Made to individual requirements 

© Rapid delivery © Close tolerances 

® Good resistance to thermal shock 

®@ Erosion resistant @ Fewer inclusions 
© For temperatures up to 2000°C. 


WELL-KNOWN USERS INCLUDE: 

Bristol Siddeley Engines Ltd. - C.E.M. Ltd. 

David Brown Industries Ltd. - Rolls-Royce Ltd. 

De Havilland Engine Co. Ltd. - Hadfields Ltd. 

Metropolitan-Vickers Electric Co. Ltd. 

English Steel Corp. Ltd. - Fairey Aviation Ltd. 

Firth-Vickers Stainless Steels - G. L. Willan Ltd. 

The Mond Nickel Co.Ltd. - D. Napier & Sons Ltd. 
ville Ltd. 


REFRACTORY MOULDINGS AND CASTINGS LIMITED 


KEGWORTH, NR. DERBY TELEPHONE: KEGWORTH 429 TELEGRAMS: AREMCEE, cami 
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Trub Tauber 


electron diffractograph 


for determining the crystalline structure of surfaces, thin layers, and 
extremely small quantities of material—for microbeam electron diffraction 
and kinematic electron diffraction by the Boettcher method. 


#* Balanced optical system %#* Devices for heating and cooling the 


# High resolving power test specimens 
* Efficient vacuum system % Devices for discharging, etching, surface 
#* Kinematic recorder evaporation 


#* Large range of specimen holders for § %* Various cameras for photographic re- 
various methods of investigation cording on plates and films 


other equipment includes ELECTRON EMISSION MICROSCOPE - ELECTRON MICROSCOPE 
NUCLEAR MAGNETIC RESONANCE SPECTROGRAPH - ELECTRON RESONANCE SPECTROGRAPH - DOUBLE 
BEAM, HIGH TENSION OSCILLOGRAPH - QUADRUPLE BEAM HIGH TENSION OSCILLOGRAPH 


Sole agents in Great Britain 


H. Tinsley & Co. Ltd. 


Werndee Hall, South Norwood, S.E.25 Tel: ADDiscombe 6046-8 


H.C. COPPER & “COMBARLOY” COMMUTATOR & 


BOLTON 


All sizes and sections; bars in random or =e and multiple) 
THOMAS BOLTON & SONS LTD E onthe; begets sn or te Steppes en 
Head Office: MERSEY COPPER WORKS, WIDNES, LANCS. Tel : Widnes 2022. 


Grams: “Rolls, Widnes"’. London Office & Export Sales Department: 168 Regent 
Street, W.!. Telephone: Regent 6427. Telegrams: “Wiredrawn, Piccy, London’’. 
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INSTANTANEOUS IDENTIFICATION OF NONFERROUS ALLOYS 
Aluminium and its Alloys, Magnesium and its Alloys, Copper and its Alloys, Gold and its Alloys, Silver 


and its Alloys, Tantulum from Niobium, etc. 
AND ALSO TITANIUM AND ITS ALLOYS 


THE SORTATIONER 


(British Patent No. 833,203) 
(World Patents Pending) 


Jointly developed by 
TOWNSON & MERCER LTD. 


AND 
THE BRITISH ALUMINIUM CO., LTD. 


Very Cheap 
Very Robust 
Completely Portable 


UNAFFECTED BY PAINT OR ANODIC LAYERS 
ASK FOR LEAFLET M. 234 


TOWNSON & MERCER LIMITED 


CROYDON EDINBURGH OXFORD 
THOrnton Heath 6262 CALedonian 1410 Oxford 41900 


Guaranteed Efficiencwy.... 


with FRANKLIN BALE-OUT FURNACES 


For melting Aluminium, Brass, Copper and soft metals 


* ALL WELDED STEEL CASING 

* LOW HEAT LOSS 

* LOW FUEL CONSUMPTION 

* GAS OR OIL FIRED 

* SPECIAL TOP CASTING AVOIDS WASTE 
* 12 MONTHS GUARANTEE 


CAPACITY | 
us | 100 | 200 | 300 | 400 | 1000 


momen | ee 


- 


MANUFACTURERS OF 
FR A N KL N INDUSTRIAL FURNACES AND 
OIL BURNING EQUIPMENT 


FOR ALL PURPOSES. - A 


Write for literature and 


details to:- FRANKLIN FURNACE CO. LTD. BAKER STREET ~- SPARKHILL ~- BIRMINGHAM 11. 
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NOW THE 


ment 


Lectrodryers give you absolute control of moisture. 
A complete range of equipment is offered: for 
atmospheric or high-pressure conditions, for very small 
or very large volumes, for air, gases and certain 

organic liquids. Also available are standard dehumidifier 
units for air conditioning. 

The basic element of a Lectrodryer is an adsorber 

unit, which is reactivated by heat to maintain constant 
high efficiency. Lectrodryers intended for continuous 
operation have multiple adsorbers, the flow being 
switched to allow reactivation. Such units can be 
equipped for manual or completely automatic control. 


Dual-adsorber Budget Air Dryer, 
used where extremely dry air is 
required in small volumes up to 
20 c.f.m. This unit weighs only 
68 pounds. 


Air dryer as used — high 
sure compres. air 
200 sq. in. 


of the type such 
plants as sweet factories. 


G.W.B. FURNACES LTD. DIBDALE WORKS, DUDLEY, WORCS 


Associated with Gibbons Bros. Ltd., and Wild-Barfield Electric Furnaces Ltd. GW824 
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FORCED-AIR FURNACES 


BY 


SIMPLIFIED CONSTRUCTION IMPROVES 
PERFORMANCE AND KEEPS COST DOWN. 


What's more, there is no sacrifice of quality. Con- 
struction is rugged; high grade materials are used 
throughout; control is fully automatic and the latest 
safety devices are incorporated. e 

The centrifugal fans are large enough to cope with 
the densest loads, and temperature variation is practically 
nil when working on control. 

Little maintenance is required. All working parts + 
are easily accessible, and element replacement is quick 
and simple, no major dismantling being required. 

These furnaces have a wide range of applications, 
and will deal quickly and accurately with both dense ” 
and loose loads. F 


ELECTRIC HORIZONTAL 

FORCED-AIR CIRCULATING FURNACE 
Model H F A 5. Internal dimensions 24 in. x 24 in. » 
x 24in. Rating 24 KW. Also available with mechanically 1 


operated door. 
VERTICAL MODEL ALSO AVAILABLE 


Our new catalogue containing full details of our 
products is now available on request. Please is 
write for a copy. 


Industrial Heating Specialists 


Commerce Estate, S. Woodford, London, E.18. 
Tel: BUCkhurst 6601-3 
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FERRO ALLOYS 


TUNGSTEN MOLYBDENUM 
VANADIUM & TITANIUM 
also 

PURE CHROMIUM 

AND MANGANESE 


MINWORTH, SUTTON COLDFIELD, WARWICKSHIRE 
Telephone: Birrningham ASHfield 1114 
Telegrams: MINMET B’ham - Telex 33479 


125 Kva 


Radio-frequency Valve Sets 


of this capacity are rare! ! 


Have you a surface hardening 
problem we can help with ? 


Write or phone us for full information 
FLAME HARDENERS LTD. 
Shorter Works, Bailey Lane, 


Sheffield, 1. 
Telephone: 21627. 


A.R.B., D.G.1., APPROVED 


BRIGHT ANNEALING e BRIGHT HARDENING 
Steel & Copper Pressings, Bolts, Bolts, Springs, and also 


| Strip and large components up to 4ft. _ large components up to 3ft, 


| CASE HARDENING 

up to 4ft. 6in. 

| Gas Carburizing, Carbo-nitriding, 
| High Frequency, 1OkVA 


t LIGHT ALLOYS 
Solution and Precipitation 
up to 10ft. 

| Selected controlled atmospheres for all purposes 

| LABORATORY SUPERVISION “ LOCAL DELIVERIES 


ELECTRO HEAT TREATMENTS LTD., 
Bull Lane, WEST BROMWICH, Staffs. 
Telephone No. Wes. 0584 - 0756. 


FOR ALL TYPES OF 


HEAT TREATMENT 


CONSULT 
ABBEY HEAT TREATMENTS LTD. 


(A.LD., Min. of Supply and other Govt. Depts.) 


PLAZA WORKS, MERTON HIGH STREET 
LONDON, S.W.I9 
Phone: CHErrywood 2291/2 
We collect and deliver in the London area 


ALLOYS 


SILICON MANGANESE e ALUMINIUM 
NICKEL e NICKEL ALUMINIUM e BORON 
TITANIUM CHROMIUM © RUTILE COPPER 


| Since 1869 Blackwells have been recognised 
pioneers in Metallurgical development. 


Their Technical Advisory service is unique, 
and your enquiries on your particular problems 
are invited. Get in touch today with :— 


“BLACKWELLS METALLURGICAL WORKS LTD. 


Thermeta!l House, Garston, Liverpool 


‘Phone : Garston 980 "Grams : “Blackwell,” Liverpool 
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SINTERING 
and 


BRAZING 
FURNACES Lid. P. aS. S 


@ THE ILLUSTRATION SHOWS A MOLYBDENUM HIGH 
TEMPERATURE FURNACE WITH A RANGE UP TO 1700°C. 


THE ELECTRICAL SUPPLY IS FED VIA AN ISOLATOR SWITCH TO 
THE AIR-COOLED TRANSFORMERS. THE VOLTAGE OF THE 
SECONDARY WINDINGS WHICH FEED THE MOLYBDENUM 
WOUND HEATING ELEMENTS IS VARIABLE FROM 10 VOLTS 


UPWARDS BY MEANS OF COARSE AND “FINE TAPPING 

SWITCHES. THE FURNACE IS EQUIPPED WITH TEMPERATURE 

CONTROLLERS AND UPON REACHING A DESIRED TEMPERA- 

TURE, A DEGREE OF PROPORTIONAL CONTROL IS ATTAINED 

BY THE VOLTAGE OF THE SECONDARY FEED BEING AUTO- 

MATICALLY SWITCHED TO A LOWER TAPPING. AUTOMATIC 

DOOR GAS FLOODING VALVES ARE CONTROLLED VIA A 
MAGNETIC SOLENOID MECHANISM. In regular production and available in 


SINTERING & BRAZING FURNACES | commercial quantities. 
LIMITED | 
140/130 EDINBURGH AVENUE, TRADING ESTATE, 
CAPPER PASS & SON LIMITED 
TELE : SLOUGH 21143 GRAMS: SINTBRAZ SLOUGH 


WORKS : 183 LIVERPOOL ROAD, TRADING ESTATE, NORTH FERRIBY YORKSHIRE ENGLAND 
SLOUGH. | 
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THOMAS 
ANDREWS 


and COMPANY LIMITED 


HIGH-GRADE STEEL MAKERS 


sé ” { Hor SPEED STEELS 


““HARDENITE | 


THE HARDENITE STEEL COMPANY LIMITED 


Telephone Telegrams 
SHEFFIELD 22131 SHAFTING, SHEFFIELD, 4 


MECHANICAL WORLD 


MONOGRAPHS 


No. Title Net price By post 
1 Chart Aids to Management ae 2/6 2/8 


The Calculation of Convective Heat Flow . . 


Gas Charts for Steam Boilers . .. . 
Fire Engineering Hydraulics... 
Industrial Electrical Instruments . 
The Dryinz of Small Articles 

A Cost Finding Chart for Industry . 
The Reynolds Number 


23 Installation and Care of Electrical Power Plant 


EMMOTT & CO. LTD. 


31 King Street West, Manchester 3 
London ; 158 Temple Chambers, Temple Avenue, E.C.4 M.1. 


CONTROLLE a 


the WEST 
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HARDENITE STEEL WORKS wor 
ATTERCLIFFE ROAD, SHEFFIELD, 
5 Checking Spur Gear Teeth .............. 1/0 12 | 
$ E PLESS 
| 43 1/8 \ 
1/0 1/2 West Instrument @&d.. are reddy to 
| REGENT STREE BRIGHTO ENGLA 
| 
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FURNACES 


for 
Forging 
Annealing 
Carburising 
Mould Heating 
Metal Melting 
Metal Holding 


Other products include— 
Gas Plant, Heat Exchangers 
High Velocity Oil and Gas 
Burners 


18" 3° Recuperative 
Gas Fired 
Slot Force Furnace 


(PB INDUSTRIAL FURNACES LTD. 
KINGSWINFORD STAFFS ENGLAND 


TELEPHONE KINGSWINFORD 3212/4 


CLASSIFIED ADVERTISEMENTS 


The Atomic Power Division, which is situated in rural surroundings at 
Whetstone (near Leicester) invites enquiries from Chemists, Metallurgists 
and Physicists who are interested in participating in a research and develop- 
ment programme covering the following fields :—(previous experience in 
these fields is by no means essential). 


. Chemical problems arising from the novel service and safety conditions 
in nuclear power plant. 


. High temperature corrosion studies of reactor materials in pressurised 
CO,, the aqueous corrosion of magnesium alloys, and the protection of 
plant against atmospheric corrosion. 


Metallurgical problems associated with the use of ferrous materials and 
non ferrous materials in nuclear reactors, assessment of the effects of 
radiation on their properties and advising designers on their use. 


Physical and chemical studies on the oxidation and irradiation of 
graphites and the effects of these processes on their physical and 
mechanical properties. 


The appointments are permanent and pensionable, and assistance will be 
given with initial accommodation. Enquiries, giving details of previous 
experience, qualifications and current salary (which will be treated in 
strictest confidence) to the Technical Staff Officer at the address below : 


Group Personnel Services, 
English Electric House, 
Strand, 
London, W.C.2. 


(Please quote Reference No. 18147). 


' 
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SITUATIONS VACANT 


COMMONWEALTH OF AUSTRALIA 


DEPARTMENT OF SUPPLY 


CRYSTAL PHYSICS 


Applications are invited for the following vacant position at the Defence Standards Laboratories, 
Maribyrnong, Victoria :— 
POSITION : SENIOR SCIENTIFIC OFFICER 
SALARY: £2,460—£2,655 (Australian currency). 
DUTIES (Pos. No. 53): To take charge of a section engaged in applying X-ray crystallography 
and electron microscopy to structural problems arising from the chemical, physical and metal- 
lurgical work of D.8.L. including interpretation of results; also applying X-ray diffraction to 


each way. 


by 7th December, 1960. 


metallurgical examinations and chemical analysis. 

QUALIFICATIONS: Honours degree in Physics and several years’ relevant experience. 

TRAVEL: Under specified conditions, first class air/sea transport for the appointee and dependants 
(wife and dependant children) will be provided by the Commonwealth. 

CONTRACT EMPLOYMENT: If desired by the successful candidate consideration may be given 
to entering into an agreement for a three (3) year contract of employment in Australia. In 
this case the Commonwealth will bear the cost of return fares ; together with the cost of removing 
the successful applicant's furniture and effects up to a maximum cost of £500 (Aust.), £250 


APPLICATIONS; Forms obtainable from Senior Representative (AV. 82/9) Department of Supply, 
Australia House, Strand, London, W.C.2., with whom completed applications should be lodged 


plutonium) for new types of reactors. 


reactor field is required for one post. 


A.E.R.E., Harwell, Didcot, Berks. 


NUCLEAR FUEL DEVELOPMENT 
ATOMIC ENERGY RESEARCH ESTABLISHMENT, HARWELL 


requires 


PHYSICAL METALLURGISTS and CHEMISTS for the PLUTONIUM 
GROUP of the METALLURGY DIVISION to undertake research into 
basic problems encountered in the development of nuclear fuels (based on 


The work includes the study of new alloys and metal-ceramic mixtures 
involving their fabrication, properties and irradiation behaviour. 


A team leader with extensive research experience but not necessarily in the 


SALARY: £1,365—£1,675 p.a. 


Other posts provide an opportunity to study unusual problems in a com- 
pletely new field. Salary : £755—£1,250p.a. Starting salary £960 p.a. for 
three years’ post-graduate research experience. Applicants should have at 
least a good second class honours degree. 


Housing and superannuation schemes. 


Send POST CARD for details to Personnel Manager (1796 / 126), U.K.A.E.A. 


METALLURGIST required for Research 
and Development by Company whose 
activities include the manufacture of 
hard metal cutting tool alloys, refractory 
alloys, sintered tungsten alloys, and 
ceramics. Excellent working conditions 
in modern, well equipped Laboratories. 
Opportunity given for occasional travel 
abroad to visit associated Companies. 


Applicants should be between 22 and 
30 years of age and have a University 
degree or equivalent qualification. Pre- 
vious research experience not essential. 
Excellent Superannuation and Life Assu- 
rance Scheme in operation. Midlands 
area (Warwickshire). Apply in confi- 
dence, stating age, qualifications and 
experience to Box No. MY98, “ Metal- 
lurgia,”’ 31, King Street West, Manchester 
3. 
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MENISTRY OF AVIATION requires 
TECHNICIAN at Harefield, Middle- 
sex, in laboratory for creep and stress 
testing, high temperature tensile testing, 
heat treatment and calibration of pyro- 
metric equipment. Qualifications : Recog- 
nised eng. apprenticeship or equiv. 
training. O.N.C., C. & G. Final Certs. or 
equivalent. Experience in creep testing 
and control of heat treatmont furnaces. 
General knowledge of metallurgy and 
mechanical testing. Salary; £975—-£1,115. 
Application forms from Manager (PE. 
3154), Ministry of Labour, Professional 
and Executive Register, Atlantic House, 
Farringdon Street, London, E.C.4. 
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SITUATIONS VACANT— continued 
METALLURGICAL STAFF 


are required by the United Kingdom 
Atomic Energy Authority, Production 
Group, Springfields Works, Salwick, 
Preston, Lancashire to work in the Tech- 
nical Department. Duties will include 
provision of technical control over estab- 
lished manufacturing procedures and 
application of new techniques in the fields 
of (a) vacuum casting, heat treatment and 
processing of metals; (b) welding of 
metals by a wide range of processes. 
Candidates should hold a pass degree 
or H.N.C. in Metallurgy and have had 
experience of work in the above fields, 
but posts may be available for young 
people without this experience who have 
the normal qualifications or G.C.E., or 
equivalent, in at least five subjects, two 
of which must be at Advanced Level in 


i Science or Mathematics. 


Salaries, according to age, qualifications 
and experience, will be within the following 
scales : 

Experimental Officer : 

£1,110 to £1,360 
Assistant Experimental Officer : 
£475 (at age 18) to £905 
Contributory Superannuation. 
Housing Assistance Schemes 

Send postcard for application form, 
quoting reference SF.77/J.15, to Works 
Secretary at the above address. 

Closing date ; 21st November, 1960. 


CENTRAL ELECTRICITY 
GENERATING BOARD 


NORTH WEST, MERSEYSIDE 
AND NORTH WALES REGION 


CARRINGTON POWER STATION 


SECOND 
ASSISTANT ENGINEER 
(METALLURGIST) 


required to advise on materials of 
construction, ferrous and non-ferrous, 
conduct investigations on site and in 
laboratory on failure and breakdowns. 
Experience in welding and Non- 
Destructive Testing techniques and a 
degree in Metallurgy or equivalent 
desirable. 

Salary within range €1,795/£1950. 
Superannuable. 

Applications in writing stating age, 
experience, etc., to Director of Labour 
and Welfare, Central Electricity 
House, 825, Wilmslow Road, Man- 
chester, 20, by 9th November, 1960. 
Please quote vacancy No. E.211 
492/M. 

NORTHAMPTON COLLEGE OF 
ADVANCED TECHNOLOGY 
LONDON 
DEPARTMENT OF APPLIED 
CHEMISTRY—METALLURGY 
SECTION 


ASSISTANT LECTURER IN 
METALLURGY, GRADE B 


Continued expansion of the section 
requires an assistant lecturer with gradu- 
ate or equivalent qualifications to 
specialise in either Heat Treatment or 
Metallography. 

Good facilities are available and a 
suitable candidate would be encouraged 
to pursue research for a higher degree 
(internal) of London University. 

Salary—on scale £850 to £1,300 p.a. 
according to age and experience. 

Further details and application forms 
on application to Head of Department of 
Applied Chemistry, Northampton College, 
St. John Street, London, E.C.1. 

Closing date for applications, 28th 
November, 1960. 


METALLURGIA, November, 1960 
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SITUATIONS VACANT — continued 


TECHNICAL ASSISTANT 


required by 
ATOMIC WEAPONS RESEARCH ESTABLISHMENT 
Aldermaston, Berks. 


to assist a section leader on an operational plant engaged in the processing of 
uranium and plutonium metals. Initially, the duties will be concerned with 
forward planning and later with plant management. 

Applicants should either be mechanical engineers or metallurgists with a 
minimum qualification of Grad.I., Mech.E. or L.I.M. respectively. No previous 
experience is necessary as this is a trainee grade. There are excellent oppor- 
tunities for promotion to the professional engineering class. 


Salary :— £595 (at age 20) — £860 (at age 25) — £1,025 (at age 30). 


Superannuation Scheme. A house or substantial assistance with house 
purchase will become available for married officers. 

For application form send postcard (or letter) to the Senior Recruitment 
Officer at the above address quoting ref. No. 2819/126. 


UNION 


CARBIDE 


ALLOYS DIVISION 
requires 
METALLURGIST 


for development work on ferro-alloys and other metals for use in the steel 
and cast-iron industry. Applicants for this post, which offers first-class 
opportunities in an expanding company, should have a degree preferably in 
Metallurgy and be in the age range 25-35. Experience in the steel or cast- 
iron industry would be an advantage but applications from recent graduates 
will be considered. 

The continued expansion of the Company ensures excellent prospects. 
Salary will depend on age, qualifications and experience; the Company 
offers additional benefits including a contributory pension scheme, free life 
assurance and an active Sports and Social Club. 

Please write in confidence, giving full details to the Personnel Manager, 
Union Carbide Ltd., 8 Grafton Street, London, W.1. 
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Associated Electrical Industries Limited 
POSITION VACANT 


RESEARCH DEPARTMENT 


Applications are invited from METALLURGISTS, PHYSICAL METAL- 
LURGISTS and PHYSICISTS, with an interest in the solid state, for research 
into the effects of nuclear radiations on the properties of reactor materials. 
Previous experience of this type of work not essential. 


Qualifications :— Degree in Metallurgy or Physics or H.N.C. 


The work is carried out in an up-to-date laboratory pleasantly situated on 
the southern outskirts of Manchester. 
Please write for application form, quoting reference A.17 to : 


Personnel Manager, 
Associated Electrical Industries (Manchester) Ltd., 
Trafford Park, Manchester, 17. 


| SITUATIONS VACANT — continued 


Pressep Street Comrany Limirep 
STRATTON Str. MARGARET, SWINDON 


METALLURGIST 


As a result of continued expansion a 
vacancy has arisen for a Metallurgist in 
our modern equipped Works Laboratory. 
The successful candidate must have a 
good degree in Metallurgy and up to two 
years’ industrial experience. However, « 
person recently qualified would be con 
sidered. 

The duties include assisting with 
general metallurgical work as required by 
the production processes in the Plant. 

The Works Laboratory provides a 
technical service to the Factory which 
includes investigation of problems and 
quality of raw material with particular 
emphasis on deep drawing sheet steel and 
cast iron and steel used in die manufacture. 

Conditions of employment accord with 
best modern practice. 

Applications will be treated in strictest 
confidence and should include details of 
educational attainments, training and 
experience to Personnel Manager. 


YOUNG GRADUATE (male) in metal 

lurgy, physical chemistry or physics, 
required for laboratory work in metal 
lurgical firm (mainly light metals) in 
Buckinghamshire. 

Opportunities for work on scientific 
and production problems. Good pros- 
pects for promotion to a senior position 
for a suitable person. Apply Box No. 
MZ99, “ Metallurgia,”’ 31 King Street 
West, Manchester 3. 


M.P.A. FOR SALE 


urnace for Sale. J.L.S. for up to 
550°C. Gas heated. Temperature 
Control, forced circulation, sliding tray 
type, with heating chamber 2 ft. 2 in. wide 
llin. high x Gin. Excellent 
condition. Price £200. George Goodman, 
Ltd., Robin Hood Lane, Birmingham 28. 
*Phone Shirley 4491. 


SPICER’S ZIRCONITE 
MACHINABLE REFRACTORY 
@ SOLVES A LOT OF PROBLEMS 
@ SAVES A LOT OF TIME 


Mabel, 


Machinable Aluminium now 


W. & GC. Spicer Lid., The Grange, Kingham, Oxon. 
TELEPHONE: KINGHAM 307 


METALLOGRAPHIC 
MOUNTING MEDIUM 


-H.P. Mounting Plastic, a cold-curing 

acrylic resin, permits the rapid mount- 
ing of metallographic specimens without 
the aid of heat or pressure. 

It calls for the minimum of equipment 
and skilled attention and yet gives a 
close, tight mount, capable of a high 
degree of edge preparation. 

Used routinely by many leading manu- 


| facturers. Full details on request to the 
| makers: NORTH HILL PLASTICS, LTD. 
MANLEY COURT, LONDON, N.16. 
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HEAT RESISTING GASTINGS oF TYPES 


YEARS OF 


GRAMS: “HALEFO’ TIPTON PHONES. TIPTON 1671/5 


Producers of FINEST BLACKHEART MALLEABLE IRON CASTINGS 


| 
| 
of tipton | | 
1910-1960 
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ROLLS FOR HOT AND COLD ROLLING. 


ROLL LATHES. 


HOT AND COLD SHEARS. 
HOT SAWS AND REELERS. 


STEELWORKS PLANT AND AUXILIARIES. 


j 


